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1 Introduction
RAN2 discussed system information broadcast, random access, paging, mobility in idle/connected modes, and unicast transmission/reception impacts on control/user planes for Rel-13 LC/CE UEs prior to and during the RAN2#92 meeting. In RAN2#92, it was agreed to discuss the remaining MAC open issues until the next meeting. In this report, we provide the summary for the email discussion below:
[92#44][LTE/MTC] MAC open items (Ericsson)


To address Uplink asynchronous HARQ and RA-RNTI formula 


Intended outcome: Email discussion report.

The deadline of the email discussion is Thursday, 2016-01-28, 23:59 Pacific Time.
2 Discussion
The intended outcome of the email discussion is to address the following open items to be captured in TS 36.321:

· RA-RNTI formula

· Random Access Preamble Transmission

· Random Access in Connected Mode
· The details of uplink asynchronous HARQ

Companies are expected to provide their views based on the questions provided in the sections below:
2.1 RA-RNTI 
In this section RA-RNTI calculation for Rel-13 LC/CE UEs is discussed. In previous meeting, RAN2 agreed to update the RA-RNTI calculation taking e.g. PRACH starting opportunities, used narrowband and repetition factor into account to provide extended RA-RNTI space. It was FFS whether all factors need to be included in the calculation which is supposed to be addressed as part of this email discussion.
Once the preamble is transmitted the UE monitors for MPDCCH identified with RA-RNTI, which is calculated as [1]:

	RA-RNTI= 1 + t_id+10*f_id

Where t_id is the index of the first subframe of the specified PRACH (0≤ t_id <10), and f_id is the index of the specified PRACH within that subframe, in ascending order of frequency domain (0≤ f_id< 6). The MAC entity may stop monitoring for Random Access Response(s) after successful reception of a Random Access Response containing Random Access Preamble identifiers that matches the transmitted Random Access Preamble.


t_id is applicable to both frame structures (TDD and FDD) where, based on the PRACH Configuration Index, the UE has various options in which subframe the preamble transmission is started. f_id is only applicable to frame structure format 2 (TDD) where indices > 0 indicate that random access opportunities are additionally frequency multiplexed [2]. 

Question 1. 
Considering that RA-RNTI calculation is agreed to be updated, provide and motivate the list of factors that need to be taken into account to extend the RA-RNTI space. Please consider both FDD and TDD operations.

Question 2. 
Based on the list of factors provided for Question 1; how should RA-RNTI be calculated? Please provide a text proposal for TS 36.321.
Companies are welcome to provide their comments in the table below.
Table.1 Company views on RA-RNTI
	Company
	RA-RNTI

	Ericsson
	Question

1
	The frequency and time indices (t_id and f_id) can be kept similar to legacy. To avoid any possible overlapping of RA-RNTI values in different RA response windows, a new parameter should be added to RA-RNTI calculation. PRACH narrowband is not suitable since the network may not assign a separate narrowband per EC level supported in the serving cell. Using the EC level or the corresponding repetition factor would be better to separate the RA-RNTI values.

	
	Question

2
	We propose to use the frequency and time indices (t_id and f_id), similar to the legacy along with r_id, the index of the repetition factor. The value range for the repetition factor is {1, 2, 4, 8, 16, 32, 64, 128} thus the index can vary from 0 to 7.

RA-RNTI = 1 + t_id + k1 * f_id + k2 * r_id,

where k1 and k2 are constants chosen to avoid overlapping values. If k1 = 10 as in legacy, k2 should be 60 or more. When k2 is equal to 60, the value range for RA-RNTI will be from 1 to 480 (0001 to 01df in hexadecimal).

	Nokia Networks, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
	Question

1
	Large number of repetitions needed for control channel coverage enhancement may cause the overlap of DCI for different RAR with the same RA-RNTI in time. Therefore, coverage enhancement level or an index of PRACH occasion that maps to the same control region may be considered for RA-RNTI calculation.

	
	Question

2
	See our answer to question 1.

	LG
	Question

1
	With the current RAR window size (maximum sf10), within RAR window, the same RA-RNTI is not used for the UEs who transmitted RAP in different radio frames.
Similarly, even with an extended RAR window size, within RAR window, the same RA-RNTI should not be used for the UEs who transmitted RAP in different radio frames.

Given that RAR window size is extended up to sf400, in order to differentiate RA-RNTI for different radio frames, it seems enough to consider the System Frame Number when calculating RA-RNTI.

(Repetition factor or CE level is not needed to be taken into account as long as RA-RNTI is unique within the RAR window.)

	
	Question

2
	RA-RNTI = 1+ t_id+10*f_id+60*s_id, where 

· t_id is the index of the first subframe of the specified PRACH (0≤ t_id <10) within an attempt
· f_id is the index of the specified PRACH within that subframe, in ascending order of frequency domain (0≤ f_id< 6)
· s_id is the index of the first radio frame of the specified PRACH (0≤ s_id <4096) within an attempt

	Intel
	Question

1
	Our understanding related to the RA-RNTI section based on RAN1/2 agreements:

· At a given time, the NW only configures a single RACH region per CE level (i.e. there are no more than one RACH region for same CE level within different NB regions at a given time).

· The NW configures the start of the RAR window based on the PRACH configuration selected for msg.1. Therefore if the UE chooses to send RACH preamble (msg.1) with CE level I, the NB region for UE to send msg.1 is determined based on NW configuration, as well as, its corresponding NB region for the UE to start checking for RAR.
A new RA-RNTI formula should be defined to take the EC mode of operation into account due to the repetitions per PRACH attempt. As the repetitions the RA-RNTIs are occupied by UEs for a longer time so that the risk for RACH collisions significantly increase when new UEs initiate RACH procedure. Therefore, we think that a new RA-RNTI formula may need to be defined taking the EC mode of operation into account. The main motivation is to increase the number and value range of RA-RNTIs. 
On other hand, some proposals looks to allow that UEs, sending msg.1 (RA-RNTI) in different NB region, could be checking for msg.2 in same NB region (e.g. multiple NBs for PRACH are configured per CE level and UE randomly picks one of these, while both are mapped to the same NB for monitoring of M-PDCCH for RAR scheduling). Our understanding is that RAN2/1 has not agreed to such kind of behaviour. In addition, the following RAN1 agreements (related to the case wherein two NBs are configured per CE level for monitoring of M-PDCCH for RAR) imply different behaviour.
From RAN1 #83:
· "One or two narrowbands are explicitly indicated in MTC-SIB for M-PDCCH for RAR for each PRACH repetition level

· When more than one narrowband is configured for M-PDCCH for RAR for a PRACH repetition level,

· The narrowband is selected based on the PRACH preamble index (implicit mapping)

· For even/odd preamble index, the M-PDCCH narrowband is the configured first/second narrowband, respectively"


	
	Question

2
	The new RA-RNTI formula may be defined as a function of the index of the first subframe of the specified PRACH, the frequency index of the specified PRACH within that subframe and the used repetition level.
RA-RNTI = 1 + t_id + 10*f_id + M*r_id
where r_id denotes the index of the used repetition level and M is an appropriate integer. In Rel-13 LC/EC, the UE should determine the RA-RNTI for each PRACH attempt acc. to the new formula.

	InterDigital
	Question

1
	To separate the RA-RNTIs and avoid overlap, we think that the CE level should be taken into account for the RA-RNTI calculation.  We think that the CE level should be sufficient and the granularity of the repetition factors may not be needed.  

	
	Question

2
	RA-RNTI = 1 + t_id + k1 * f_id + k2 * c_id,

Where c_id is the determined/used CE level, and k1 and k2 can be constants as described by Ericsson above.  

	ZTE
	Question

1
	Due to the extension of the RAR window size up to 400ms, the current formula for RA_RNTI needs to be updated. Otherwise it’s possible that different UEs starting PRACH preamble transmissions in different radio frames, but in the same subframe number, get identified by the same RA-RNTI during overlapping RAR windows. Therefore, new parameters besides t_id and f_id need to be considered for the RA-RNTI calculation.
(Similarly to LG) we believe that the straightforward solution is to introduce in the RA-RNTI formula the index of the radio frame on which the UE starts transmitting the preamble. However, directly using the radio frame index will cause a very large RA-RNTI value range. Since we only need to guarantee that the UEs whose RAR windows overlap have different RA-RNTIs, it is sufficient to consider the SFN mod (RAR window size) value.

	
	Question

2
	RA-RNTI=1+t_id+10*(SFN_id mod (W/10))+W*f_id
Where:

· t_id is the index of the first subframe of the specified PRACH (0≤ t_id <10) within an attempt
· f_id is the index of the specified PRACH within that subframe, in ascending order of frequency domain (0≤ f_id< 6)
· SFN_id is the index of the first radio frame of the specified PRACH
· W is RAR window size (in subframes).
With a RAR window size of 400sf (W=400), the RA-RNTI space is then 1~2400. More specifically:
For FDD, f_id=0, the RA-RNTI space is 1~400 

For TDD, f_id=0~5, the RA-RNTI space is 1~2400
[we might come back with a revised proposal – based on the above formula – to further reduce the RA-RNTI space]

	Panasonic
	Question

1
	We think CE level must be taken into account in calculating the RA_RNTI as mere usage of SFN or other constant values/ System specific number may not eliminate usage of same RA_RNTI in the overlapping RAR region.

	
	Question

2
	As suggested by other companies we can have:
RA-RNTI = 1 + t_id + 10*f_id + M*r_id
Where r_id is derived from the CE level and M is some constant value.

	Qualcomm 
	Question

1
	In addition to time and frequency indices, the CE level should be used to determine the RA-RNTI.

	
	Question

2
	We agree other companies’ suggestion, in the form of:

RA-RNTI = 1 + t_id + k1 * f_id + k2 * r_id,

	Huawei, HiSilicon
	Question

1
	As different PRACH opportunities can start at the subframe with same number in different frame, or the number of PRACH opportunity in frequency may be larger than 6 at the same time for TDD, the current RA-RNTI is not suitable for eMTC. RA-RNTI calculation needs to be modified to avoid the possible overlapping of RA-RNTI values when UEs is monitoring MPDCCH indicated by RA-RNTI in the same subframe and narrowband corresponding to different PRACH opportunities. 

Taking the repetition level or repetition factor into account to provide extended RA-RNTI space could differentiate the RA-RNTI corresponding to PRACH in different levels, no matter CDM, TDM or FDM is applied for PRACH with different level. However, it is not adequate. Because even for the same level, the RAR windows of different PRACH opportunities may overlap as shown below:
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So the RA-RNTI calculation also needs to consider the index of the PRACH time resource.

	
	Question

2
	RA-RNTI= 1 + t_id’+A*f_id+B*r_id 

Where t_id’ is the time resource index of the specified PRACH for the detected PRACH repetition level, numbering in increasing order of time within a fixed time length (0≤ t_id’ <A), and f_id is the index of the specified PRACH for the detected PRACH repetition level within the first subframe of the specified PRACH, in ascending order of frequency domain (0≤ f_id< 6), r_id is the detected PRACH repetition level, A is the max value of t_id’, B is a constant chosen to avoid overlapping values, can equal to 6*A.

	CATT
	Question

1
	Considering that there is only one RACH region for CE level at a given subframe, RA-RNTI calculation doesn’t need to take into account the number of possible RACH regions at a given time. Therefore, the legacy formula for RA-RNTI can be extended based on repetition pattern for different CE levels to avoid the overlaps of RA-RNTIs at a given time.

	
	Question

2
	RA-RNTI formula is modified to take into account the coverage levels and repetition patterns. 

RA-RNTI = 1 + t_id + 10*f_id + K*r_id
r_id refers to the coverage/repetition level used for preamble selection. K is an integer defines based on repetition pattern to avoid overlap of RA-RNTIs. K>60. If there is not repetition is used, r_id =0 which results in legacy formula.


2.2 Random Access Preamble Transmission 
In this section power ramping mechanism within the context of random access preamble transmission is discussed as agreed during the email discussion [92#06] on 36.321 CR after RAN2#92. The text below is from the 36.321 CR endorsed after RAN2#92. The change marks present the text added based on the RAN1 and RAN2 agreements prior to and during the RAN2#92 meeting.
5.1.3
Random Access Preamble transmission

The random-access procedure shall be performed as follows:

-
if the most recent PRACH enhanced coverage level for the UE is the highest enhanced coverage level supported in the Serving Cell:
-
set PREAMBLE_RECEIVED_TARGET_POWER to preambleInitialReceivedTargetPower + DELTA_PREAMBLE + P-Max;
-
else:
-
set PREAMBLE_RECEIVED_TARGET_POWER to preambleInitialReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep;
-
if the UE is a BL UE or a UE in enhanced coverage:

-
instruct the physical layer to transmit a preamble with the number of repetitions required for preamble transmission corresponding to the selected preamble group (i.e., numRepetitionPerPreambleAttempt) using the selected PRACH, corresponding RA-RNTI, preamble index, and PREAMBLE_RECEIVED_TARGET_POWER.

-
else:
-
instruct the physical layer to transmit a preamble using the selected PRACH, corresponding RA-RNTI, preamble index and PREAMBLE_RECEIVED_TARGET_POWER.
Editor’s note: It is FFS how the power ramping mechanism works.
In the legacy random access procedure, the UE shall set the PREAMBLE_RECEIVED_TARGET_POWER to preambleInitialReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep during random access preamble transmission. In the last meeting, RAN2 agreed to introduce a new variable, i.e. PREAMBLE_TRANSMISSION_COUNTER_CE, in MAC to count the number of preamble transmission attempts in each coverage level supported in the serving cell.
During the email discussion [92#06] on 36.321 CR after RAN2#92; the following options were discussed regarding how the UE shall set the PREAMBLE_RECEIVED_TARGET_POWER when the most recent PRACH enhanced coverage level for the UE is not the highest enhanced coverage level supported in the Serving Cell:
· Option 1: The UE sets the PREAMBLE_RECEIVED_TARGET_POWER using the PREAMBLE_TRANSMISSION_COUNTER as in legacy.

· Option 2: The UE sets the PREAMBLE_RECEIVED_TARGET_POWER using the PREAMBLE_TRANSMISSION_COUNTER_CE

Question 3. 
How shall the UE set PREAMBLE_RECEIVED_TARGET_POWER when the most recent PRACH enhanced coverage level for the UE is NOT the highest enhanced coverage level supported in the Serving Cell? Please explain why any of the options above or any other option would be beneficial by discussing pros and cons.
Another aspect of the random access preamble transmission procedure that was discussed during the email discussion [92#06] on 36.321 CR was the use of maximum transmission power.

Question 4. 
How shall the UE set PREAMBLE_RECEIVED_TARGET_POWER when the most recent PRACH enhanced coverage level for the UE is the highest enhanced coverage level supported in the Serving Cell? Please explain why discussing pros and cons.

Companies are welcome to provide their comments in the table below.

Table.2 Company views on Power ramping mechanism
	Company
	Power ramping mechanism

	Ericsson
	Question

3
	The following agreement is from RAN1#83:

· On power ramping, clarify that the maximum transmission power is used on the highest (i.e. the 4th) PRACH CE level.

· Finalization of specification work on PRACH power ramping is assumed to be conducted by RAN2.

Note that the first bullet does NOT say “e.g. the 4th PRACH CE level” but “i.e. the 4th PRACH CE level”. It is only on the 4th PRACH CE level where the PRACH transmission power is always set to the maximum transmission power. On all lower PRACH CE levels, power ramping should be used. If less than 4 PRACH CE levels are configured in the serving cell, power ramping is used on all configured PRACH CE levels.
Our interpretation of the intention with the RAN1 agreement is that the total PRACH energy over all repetitions in a PRACH attempt should increase with powerRampingStep dB between two subsequent PRACH attempts. In order to ensure that the energy is increased with powerRampingStep dB also between two subsequent PRACH attempts belonging to two different PRACH CE levels, the PRACH power needs to be scaled according to the number of PRACH repetitions in each PRACH attempt. In order to achieve this we suggest to update the power equation in 36.321 as follows:

-     set PREAMBLE_RECEIVED_TARGET_POWER to preambleInitialReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep – 10*log10(numRepetitionPerPreambleAttempt);

As can be seen from the modified equation, this means that we continue to use PREAMBLE_TRANSMISSION_COUNTER (rather than replacing it with PREAMBLE_TRANSMISSION_COUNTER_CE) in the equation, i.e. Option 1. The PREAMBLE_TRANSMISSION_COUNTER_CE parameters will thus only be used to determine when it is time to move to the next PRACH CE level.

	
	Question

4
	Setting the UE transmission power to the maximum transmission power has been captured in 36.213 for the 4th PRACH CE level. Please see the highlighted text below from section 6.1 in 36.213 CR in R1-157926:

-    A preamble transmission power PPRACH is determined as 
PPRACH = min{[image: image2.png]Peyaxe @)



,  PREAMBLE_RECEIVED_TARGET_POWER + [image: image3.png]


 }_[dBm], where [image: image4.png]Peyaxe @)



 is the configured UE transmit power defined in [6] for subframe i of serving cell [image: image5.png]


 and [image: image6.png]


 is the downlink path loss estimate calculated in the UE for serving cell [image: image7.png]


. For a LC/CE UE, the UE transmission power is set to [image: image8.png]Peyaxe @)



for the highest PRACH coverage enhancement level .   
It would be good to revise the highlighted text above to clarify the intention based on the related agreement from RAN1#83, i.e. it is only on the 4th PRACH CE level where PRACH transmission power is always set to the maximum transmission power. There is an ongoing discussion on the RAN1 reflector to update the 36.213 CR. In case RAN1 manages to do so, there may be no need to capture anything in 36.321 considering that this is how legacy behaviour is described, i.e. UE transmission power cap is mentioned in 36.213 only. Otherwise, we may need to add a note in 36.321.
Regarding modes A and B; we assume that if a UE supports Mode A, it supports CE levels 0 and 1 and if a UE supports Mode B, it supports CE levels 0,1, 2, and 3, which means it also supports Mode A. Based on the RAN1 agreement mentioned above, a Mode A UE should perform only power ramping since it supports CE levels 0 and 1, whereas a Mode B UE should either perform power ramping or use maximum transmission power configured in the serving cell based on the CE level since it supports all CE levels. 

	Nokia Networks, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
	Question

3
	The UE transmission power should always increase, when the coverage enhancement increases. The Option 1 (legacy way) is more reasonable with less specification effort. The new parameter of PREAMBLE_TRANSMISSION_COUNTER_CE is the count for each coverage level which seems not suitable for such calculation.

	
	Question

4
	The UE should always perform power ramping if there is a single CE level supported in the cell. Otherwise, UEs close to the eNB will generate unnecessary interferences because of their high transmission power.
The power ramping with the fix adjustment may need multiple RA attempt for eNB to receive the preamble. For the UE working in the highest CE level, the large number of repetitions would occupy extra PRACH resource. Therefore, preamble transmission with maximum power is more efficient if CE level is the highest one.

	LG
	Question

3
	PREAMBLE_TRANSMISSION_COUNTER_CE aims at CE level transition within one RA procedure. However, power ramping should be done regardless of CE level transition once the UE starts power ramping from the initial power, i.e., preambleInitialReceivedTargetPower. Therefore, Option 1 is sufficient. 

In order to use Option 2, we may further need preambleInitialReceivedTargetPower for each CE level. Otherwise, PREAMBLE_RECEIVED_TARGET_POWER would be set to initial power whenever CE level transition occurs.

	
	Question

4
	The UE needs to keep transmitting RAP by setting the power to preambleInitialReceivedTargetPower + DELTA_PREAMBLE + P-Max. In order to avoid too many RAP transmission by using its maximum power, a separate value of preambleTransMax for eMTC would be needed.

	Intel
	Question

3
	Considering RAN1#82 agreement "No power ramping is introduced for PRACH with large repetition. Otherwise, PRACH power ramping procedure is based on current PRACH transmit power equation", our understanding is that the UE would do power ramping within each CE level that is not the highest level supported by the Serving Cell. This can be indicated based on the PREAMBLE_TRANSMISSION_COUNTER_CE. 

On other hand, we understand that using the terminology of " highest level supported by the Serving Cell" might not be the most appropriate. For example, the preferred behaviour might be different for case (1) if a cell only targets a highest or maximum CE level corresponding to a shallow CE level , i.e. CE mode A, which might correspond to a low number of repetitions vs case (2)  a cell that targets a highest or maximum CE level corresponding to a deeper CE level , i.e. within CE mode B, which might correspond to a high number of repetitions. In the case (1), for the " highest level supported by the Serving Cell" power ramping is still preferred vs in case (2), it would not be.

In addition, it is important to keep in mind the following RAN1#93 agreement regarding the mapping of CE Modes A and B to derive the repetition #s for Msg3 PUSCH and Msg4 PDSCH :

· "
For each PRACH CE level, the set of numbers of repetitions for Msg3 PUSCH/Msg4 PDSCH transmission are determined as follows: 

· 
The values indicated for CE mode A are used for initial Msg3 transmission corresponding to PRACH CE levels 0 to N.

· 
The values indicated for CE mode B are used for initial Msg3 transmission corresponding to PRACH CE levels N+1 to 3.

· 
N = 1 (fixed)

· 
The number of PUSCH repetitions for initial Msg3 transmission is indicated in UL grant in RAR."

Therefore we suggest to consider the following solutions:

· Sol.1) If the cell only configures one PRACH CE level (in addition to the one for NC), power ramping is used. If the cell configures more than one PRACH CE level, power ramping is only used for CE level 1 (i.e. CE level 2 and 3, if configured, do not use power ramping).

· Sol.2) If the cell only configures one PRACH CE level (in addition to the one for NC), power ramping is always used. If the cell configures more than one PRACH CE level, power ramping is always used except for the highest CE level supported by the Serving Cell.

Sol.3) The no-power ramping case is only valid when the cell is using CE mode B. If the cell only configures one PRACH CE level (in addition to the one for NC), this implies that the cell supports CE mode A and power ramping is used. If the cell configures more than one PRACH CE level, this implies that the cell supports CE mode B, the power ramping is used for all levels except the highest one that maximum power is used.

	
	Question

4
	Our understanding is that the UE would use maximum power if the CE level that is the highest level supported by the Serving Cell. However, we propose to further clarify this as explained in previous proposals.

	InterDigital
	Question

3
	We think that the UE should perform power ramping in all levels and whether it performs power ramping in the “highest level” can be configured or dependent on the case as described above by Intel.  

If power ramping is done, then the PREAMBLE_TRANSMISSION_COUNTER_CE should be used to determine the correct preamble power. When a UE choses a coverage level it starts transmitting at a certain initial power and then at every transmission it should increase the power according to the network configuration.  To keep interference in the network at a predictable level, the power used by a UE that starts at the right CE level should be the same as the power used by a UE that started wrongly at a lower level and went to the same higher level (as the UE that started at the right one).  To achieve this consistency, the UE should reinitiate power ramping at every new CE level and use the CE specific preamble counter.  Power ramping per CE level would help reduce interference and battery consumption in the UE, given that the UE may not need to be at max power when changing CE level due to the higher number of repetitions.

	
	Question

4
	We agree with Intel, if the cell has only configured one or two levels and they are not high levels, then power ramping should be done.  Therefore, given the fact that the network can configure whatever CE levels it wants we also think that whether the UE performs power ramping for the “highest level” should be configurable.  

	ZTE
	Question

3
	Option1 seems sufficient (for similar reasons as indicated by LG).

	
	Question

4
	If network configures only a few (lower) CE levels then always using maximum power when the UE reaches the configured maximum CE level is a bit overkill. Alternatively the UE could perform power ramping until it reaches its maximum transmission power. The concern on the number of attempts in the highest CE level could be resolved by properly configuring powerRampingStep. A benefit of doing so is that power ramping in the highest CE level doesn’t need a special treatment.

	Panasonic
	Question

3
	We agree with the analysis from Intel. This discussion should consider that Mode A or Mode B are ‘indeed’ supported or not and can be mapped to the PRACH transmission levels. Therefore, with legacy ramping principles to avoid unnecessary interference we prefer Option 1

	
	Question

4
	At the highest level, UE should be transmitting at the highest Tx level and without any possibility for further ramp-up.

	Qualcomm 
	Question

3
	Option 1 is the simplest

	
	Question

4
	UE transmits at the highest Tx power (no power ramping).

	Huawei, HiSilicon
	Question

3
	When the UE does not transmit at the highest Tx power (in power ramping case), the PREAMBLE_TRANSMISSION_COUNTER can be used to calculate the PREAMBLE_RECEIVED_TARGET_POWER, i.e., no change for the existing formula.

	
	Question

4
	When the UE transmits at the highest Tx power (no power ramping case), PREAMBLE_RECEIVED_TARGET_POWER can be set to Pcmax – PL (pathloss), because We assume that preambleInitialReceivedTargetPower + DELTA_PREAMBLE + P-Max is not always equal to Pcmax. 
There are RAN1 agreements:

RAN1#82 agreement:

· No power ramping is introduced for PRACH with large repetition. Otherwise, PRACH power ramping procedure is based on current PRACH transmit power equation

RAN1#83 agreement:

· On power ramping, clarify that the maximum transmission power is used on the highest (i.e. the 4th) PRACH CE level.



	CATT
	Question

3
	Power ramping should continue regardless of the CE level and also when change from one CE level to another CE level. Therefore, option 1 could be used for power ramping.

	
	Question

4
	Could be set to preambleInitialReceivedTargetPower + DELTA_PREAMBLE + P-Max;
This would possibly avoid too many preamble transmisisons at the highest CE level.


On this regard, the following FFS was also captured in RAN2#93 meeting: 

"FFS Whether the the existing PREAMBLE_TRANSMISSION_COUNTER is used in addition to the PREAMBLE_TRANSMISSION_COUNTER_CE. UE would continue at the highest CE until PREAMBLE_TRANSMISSION_COUNTER reaches it maximum" 

The assumption is that a UE not supporting or using CE will use PREAMBLE_TRANSMISSION_COUNTER as in legacy, however when CE is used, the following options were discussed:

· Option 1: A UE, allowed to use CE, uses both PREAMBLE_TRANSMISSION_COUNTER and PREAMBLE_TRANSMISSION_COUNTER_CE per each CE during random access procedure.

· Option 2: A UE, allowed to use CE, only uses PREAMBLE_TRANSMISSION_COUNTER_CE per each CE level (i.e. legacy PREAMBLE_TRANSMISSION_COUNTER is not used) during random access procedure.

Question X. 
Please indicate your preference and explain why it would be beneficial to do so discussing pros and cons.

Companies are welcome to provide their comments in the table below.

Table.X Company views on preamble transmission counter
	Company
	Preamble transmission counter

	Intel
	Question

X
	We prefer option 2 in order to reduce the power consumption when the UE is in very deep coverage level; our understanding is that PREAMBLE_TRANSMISSION_COUNTER_CE would already account for all the retries that are considered feasible in specific level (understanding that in each try, the UE in deep CE already send large number of repetitions of the PRACH preamble), therefore after expiring the PREAMBLE_TRANSMISSION_COUNTER_CE for the highest CE level, there is no need for the UE to keep trying until reaching the legacy PREAMBLE_TRANSMISSION_COUNTER.  

	InterDigital
	Question X
	We also prefer option 2 and in our view RAN1 had a similar understanding/agreement.  We think that PREAMBLE_TRANSMISSION_COUNTER should only be used for the UEs without CE and for UEs operating in CE mode the CE specific counter should be used.  

	ZTE
	Question X
	In line with our views in this section, we have a preference for Option 1, where the global counter is used for power ramping

	Panasonic
	Question X
	We think that both the options can be used with a similar effect. For simplicity we prefer option 2.

	Qualcomm 
	Question X
	We prefer option 2 in order to avoid too many unnecessary transmissions at the highest CE level.

	Huawei, HiSilicon
	Question X
	1 PREAMBLE_TRANSMISSION_COUNTER is used to calculate PREAMBLE_RECEIVED_TARGET_POWER in power ramping case.

2 PREAMBLE_TRANSMISSION_COUNTER_CE is used only for how to skip to next level.

	Ericsson
	Question X
	Please see our comments in Questions 3 and 4 above.

	CATT
	Question X
	Our preference is for option 1. PREAMBLE_TRANSMISSION_COUNTER is required to support solution to Question 3 above.


2.3 Random Access in Connected Mode 
In this section, UE behaviour in connected mode within the context of random access is discussed. A UE in connected mode can be configured with dedicated random access related parameters, e.g. a dedicated preamble from the available contention-free preamble set and PRACH time/frequency resource set, for events such as handover or moving from out-of-sync to in-sync when time alignment timer expires. The UE behaviour should be described clearly in case UE’s CE level changes before random access is triggered in the serving or target cell when a dedicated configuration has been provided. The following approaches can be considered:

· Option 1: The dedicated random access related parameters can be provided per each CE level supported in the serving/target cell so that the UE can apply the suitable parameters with respect to its CE level based on the measured RSRP.
· Option 2: The UE uses the dedicated preamble provided by the network, but chooses the PRACH time/frequency set corresponding to its CE level based on the measured RSRP and the broadcasted information in the serving/target cell.
· Option 3: The network configures or indicates only one dedicated preamble/PRACH set. The UE can start a contention RACH procedure if contention-free RACH failure, because the latency is not so urgent for MTC UE.
Question 5. 
Please indicate your preference and explain why it would be beneficial to do so discussing pros and cons.

Companies are welcome to provide their comments in the table below.
Table.3 Company views on Random Access in Connected Mode
	Company
	Random Access in Connected Mode

	Ericsson
	Question

5
	Moving from out-of-sync to in-sync in connected mode: If the network orders a random access in the serving cell using M-PDCCH when the UE is out-of-sync, providing a dedicated preamble would be enough considering that the UE retrieves the PRACH resource set once it has camped in the cell. Note that the network may release the UE to idle if it wants the UE to acquire updated SIB. The behaviour is similar in both options.

Handover: Option 1 requires RA related information per EC level supported in the cell, e.g. PRACH-Config and RACH-Config, to be provided to the UE prior to handover (via HO command). This will increase the size of handover command message and therefore maybe the delay (based on the number of repetitions required). In Option 2, this would require the UE to retrieve the necessary information after the handover command is sent. This may also increase the delay.

We prefer Option 1 assuming such information can be provided to the UE efficiently as part of the handover command.

	Nokia Networks, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
	Question

5
	The key issue is how the eNB assign the PRACH resource in connected mode. There are two types of RACH that the UE does in connected mode: UE MAC initiated or eNB initiated (PDCCH order or HO command).
For the UE MAC initiated case, the UE could follow the same resource selection process as UE in IDLE mode.

For the eNB initiated case, if the eNB has the latest UE’s CE information, it could assign the preamble (for contention based RA) associated to the latest CE level. Thus we would think the RA in connected mode is a kind of combination of Option-1 and Option-2.
· For PDCCH order, the eNB can give explicit RACH resource assignment: Preamble Index, PRACH Mask Index, Starting CE level.

For HO command, the eNB can either ask UE to do a contention-based RACH, or provide a RACH-ConfigDedicated (sequence of ra-PreambleIndex; ra-PRACH-MaskIndex). Here we didn’t find a Rel13 extension where “starting CE index” can be indicated: so we think that this could be a missing IE that might need to be added in TS 36.331.

	LG
	Question

5
	The drawback of Option 1 is that the UE should be provided with multiple number of dedicated preambles depending on the number of CE levels, which brings signalling overhead and lack of remaining preambles.
The drawback of Option 2 is that the CE level of the UE should be indicated by other parameters than preamble, e.g., the PRACH time/frequency resource.

Considering the number of available preambles, i.e., 64, Option 2 seems better.

	Intel
	Question

5
	Our understanding is that this is an optimization of the mechanism that might not be required for UEs in enhanced coverage. In our understanding, the UE would get a contention-free preamble for specific CE level and if it fails, the UE would do RRC re-establishment which would involve contention based random access.

Regarding the listed approaches, our main concern is that there is a trade-off between the eNB guaranteeing the contention-free, when it does not know which CE level the UE will attempt, and would need to reserve different PRACH time/frequency for the different CE level.

	InterDigital
	Question

5
	We have a slight preference for Option 2. There is indeed a trade-off between signalling overhead and capacity given that the eNB would have to temporarily reserve the same dedicated preamble index across all CE levels.  However, we think that capacity is not a big issue, since given the separation in time/frequency of PRACH for each CE, then technically the same preamble index space for each CE is available, which is the same preamble index space used today in legacy systems without capacity concerns. Therefore, for simplicity reasons and message size minimizations we think Option 2 is sufficient.

	ZTE
	Question

5
	For option 1 dedicated preambles should be split among different CE levels, resulting in less efficient usage of dedicated preambles. In addition, for the handover case, there is also a signalling impact. We then think that option 2 is preferable/ sufficient.

	Panasonic
	Question

5
	We prefer option 2 which avoids a bigger HO message. It’s important that the UE receives the HO command. Option 1 introduces certain complexity for the network but for a connected mode UE, the network (source eNB for PDCCH order; source/ target eNB for HO CMD) should more or less accurately know which CE level the UE is supposed to use.

	Qualcomm
	Question

5
	Option 2 provides a good tradeoff between guaranteeing contention-free handover and selection of PRACH CE level based on UE measurements 

	Huawei, HiSilicon
	Question

5
	Option 3, We prefer configuring (handover) or indicating (PDCCH order) only one dedicated preamble/PRACH set. The UE can start a contention RACH procedure if contention-free RACH failure, because the latency is not so urgent for MTC UE.

	CATT
	Question

5
	Option 1 brings network flexibility such that it may not need to provide the Preamble/ PRACH time/frequency for all of CE levels supported by the network. The network may provide the info corresponding to the UEs stored CE level and one other CE level. If the UE is moved out of any of CE levels indicated for PRACH, the UE falls back to contention based RACH.

Considering the network flexibility we slightly prefer Option 1.


2.4 Uplink Asynchronous HARQ 
In this section the details of uplink synchronous HARQ are discussed based on RAN1 and RAN2 agreements.

The following agreements have been made in RAN1 regarding PUSCH transmissions and UL HARQ [5]:

	RAN1#82 agreement:

· PUSCH HARQ feedback is realized using M-PDCCH.




	RAN1#83 agreement:

· Rel 13 LC/CE UEs shall only support adaptive PUSCH HARQ
· PUSCH HARQ operation for LC/CE UEs is Asynchronous
· The UL grant shall include the HARQ number, and RV number (for CE Mode A)
· The UE is not expecting to receive the UL grant for re-transmission before n+4 (where n is the last SF of the PUSCH transmission)




The outcome of the study item “Study on Licensed-Assisted Access Using LTE” is provided in [6]. The report recommends asynchronous uplink HARQ for LAA and presents a comprehensive list of issues that should be considered for asynchronous uplink HARQ operation. These issues should be taken as the starting point when considering the UL HARQ mechanism for Rel-13 LC/CE UEs.
2.4.1 HARQ Feedback
Note the following text in [6]: “To enable asynchronous HARQ the eNB needs to know which HARQ process the UE is using when performing a transmission/retransmission to know which soft-buffer the received transmission should be combined with. Hence, the eNB needs to indicate which HARQ process a grant is for and the redundancy version that should be used so that the UE uses the correct HARQ process with the correct redundancy version when performing a transmission or retransmission. Therefore, with the UL asynchronous HARQ protocol, all transmission or retransmission should be scheduled via PDCCH or EPDCCH. The process index is indicated in the HARQ process index field in the UL grant.”
Question 6. 
Please confirm that for uplink asynchronous HARQ there is no explicit HARQ feedback. The feedback is conveyed using uplink grants instead. The eNB will not transmit explicit HARQ feedback in the downlink but only new or retransmission grants, which are used to trigger new transmissions or retransmissions.

Companies are welcome to provide their comments in the table below.

Table.4 Company views on HARQ feedback
	Company
	HARQ feedback

	Ericsson
	Question

6
	There is no explicit HARQ feedback (that is, no PHICH-like functionality) and non-adaptive retransmissions. Uplink grants are provided for all (re)transmissions.

	Nokia Networks, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
	Question

6
	We confirm that for uplink asynchronous HARQ we are against an explicit HARQ feedback. The benefits of the UL asynchronous HARQ proposal are:

1.
No need to define a new M-PHICH channel over M-PDCCH, extra cost to both eNB and UE.

2.
PUSCH RTT is no longer fixed due to dynamic RL so the retx timeline also becomes dynamic and can create many conflicts what become difficult to handle.
With UL asynchronous HARQ, both issues (described in 1. and 2.) are avoided because the eNB decides when to allow each UE to retransmit without collision and other conflict situation.

	LG
	Question

6
	We can confirm Q6.
One issue is that the UE should receive a new transmission UL grant even for the last transmitted data as an acknowledgement. In this case, the UE has to send padding PDU. Considering typical data size of MTC and the number of repetitions depending on CE level, this would cause power consumption and resource waste. 

A mechanism to avoid additional transmission after last data needs to be considered.



	Intel
	Question

6
	We also confirm the understanding described above that there is no explicit HARQ feedback.

	InterDigital
	Question

6
	We also confirm the understanding

	ZTE
	Question

6
	We also confirm the understanding. In addition we also think there is problem for the last retransmission.

	Panasonic
	Question

6
	We confirm the understanding, that there is no explicit HARQ feedback channel.

	Qualcomm
	Question

6
	We share the same understanding.

	Huawei, HiSilicon
	Question

6
	We confirm that there is no explicit HARQ feedback for uplink asynchronous HARQ. 

	CATT
	Question

6
	Our understanding is also no PHICH like feedback for asynchronous HARQ


2.4.2 Buffer Flushing

The legacy synchronous UL HARQ process will flush the HARQ buffer when state variable CURRENT_TX_NB = maximum number of transmissions - 1. The variable CURRENT_TX_NB is initialized to 0 when HARQ entity requests a new transmission, and is increased by 1 when HARQ entity requests a retransmission. For synchronous UL HARQ, the counter is increased once per HARQ RTT if the HARQ buffer is non-empty. This means that the time until buffer flush is limited and fixed based on the configured maximum number of transmission and HARQ RTT.

For Rel-13 LC/CE UEs UL HARQ is asynchronous. Since the retransmissions of bundles will be adaptive only, and the timing of uplink retransmissions is not known, an alternative to the counter-based mechanism in legacy may need to be considered to flush the UL buffer as concluded in [6].
The following mechanisms can be considered:
· A1: The existing counter mechanism is used with some changes
· A2: A timer-based solution is used where the UL buffer is flushed on timer expiry at the latest.
· A3: Other mechanism
Question 7. 
Please state your preference on how the buffer flushing mechanism should work for asynchronous UL HARQ. Please explain why discussing pros and cons and provide a text proposal for TS 36.321.
Companies are welcome to provide their comments in the table below.

Table.5 Company views on Buffer Flushing
	Company
	Buffer Flushing

	Ericsson
	Question

7
	For asynchronous uplink HARQ, there is no need to flush the buffer. There are no non-adaptive retransmissions of repetition bundles, thus there is no need for the HARQ entity to check the buffer status, please see also our comments to Question 8.

If RAN2 concludes that flushing the buffer is needed, this can be handled with minimal changes to TS 36.321 by using the legacy transmission counting mechanism, i.e. CURRENT_TX_NB. The counting should then be coupled with the UE receiving a retransmission grant. A “retransmission timer” should be used to control how long the UE waits for a retransmission request. Please see also our comments to Question 10.

In TS 36.321, Section 5.4.2.2 (HARQ process) we need to capture the correct behaviour for retransmissions of repetition bundles, and counting of CURRENT_TX_NB (if used) and CURRENT_IRV. Moreover it should be clarified that the repetitions within a bundle are triggered correctly (as non-adaptive retransmissions). HARQ_FEEDBACK should not be used for Rel-13 LC/CE UEs as there is no feedback over PHICH (See Question 6), or set to ACK on new transmission request.

	Nokia Networks, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
	Question

7
	We support a combination of A1 and A2: UE shall flush its transmission soft buffer when any of below happens:

a. Maximum number of retransmissions are sent (A1)

b. A new grant of same HARQ process is received (A1)

maxHARQ timer has expired. The maxHARQ timer is needed to avoid the HARQ process to drag endlessly in corner cases. The timer starts when the new transmission starts on the HARQ process. (A2)

	LG
	Question

7
	In the legacy, the UE performs non-adaptive retransmission based on its buffer status, and, the UE flushes buffer in order to stop further non-adaptive retransmission after reaching its maximum retransmission number. 

However, as LC/CE UEs use only adaptive retransmission, there is no reason for the UE to perform transmission based on its buffer status. Then, the CURRENT_TX_NB seems not needed at all, which means the UE does not need to flush its buffer.

	Intel
	Question

7
	Our understanding is that the main propose of the CURRENT_TX_NB timer is to limit the number of retransmissions that the UE could do; however, for asynchronous UL HARQ, we also share the view that there might not be need to flush the buffer or keep track of this counter. Therefore, we suggest removing the concept of the maximum transmission control, understanding that only the last data would be the one that might be kept in the buffer without been send and its handle could be left up to UE implementation. If majority of companies prefer to keep it, we would suggest to change the counter to timer, as suggested in option A2.

	InterDigital
	Question

7
	We also agree with Intel, and LG.  There is no need to specify flushing of the HARQ buffers or use the concept of the counter as the network is in control of when the UE will transmit and retransmit. Also for synchronous HARQ there is no risk of the counter being misaligned as it is automatically increased every 8TTIs, however, with asynchronous HARQ the counter is not very useful if the UE didn’t receive a grant for example.  

If there is a preference for flushing, we think a timer is better suited than a counter, even though we think that such mechanisms can be left to UE implementations and if the UE would like it can eventually flush the buffers.

	ZTE
	Question

7
	For adaptive HARQ process, it actually doesn’t matter whether the buffer is flushed or not. The UE can always flush the buffer when receiving grant for new transmission. But if the buffer is shared among HARQ processes then flushing the buffer upon maximum number of transmission can help to save buffer. Furthermore, keeping the buffer may result in more M-PDCCH monitoring according to current MAC spec. So we are ok to indicate that HARQ buffer should flush, once the maximum number of retransmission is reached.

	Panasonic
	Question

7
	Similar to LG, we also think that there no need for specifying the buffer flushing explicitly since no non-adaptive retransmissions are autonomously triggered if the HARQ buffer of a HARQ process is not empty

	Qualcomm
	Question

7
	We prefer either option A2 or left up to UE implementation.

	Huawei, HiSilicon
	Question

7
	Since LC/EC UEs use adaptive retransmission, there is no need to check the buffer status. The UEs will not perform transmission based on the buffer status. Thus, there is no need for UE to flush the buffer. 

	CATT
	Question

7
	We also share the same view that buffer flush is not needed for asynchronous HARQ. Only case, a timer based buffer flush may be seen needed for the last packet scenario. With a timer based buffer flush, a m-PDCCH is not required after the last packet transmission. However this is a special case could be handle with other means.


2.4.3 NDI and handling of new transmissions

Note the following text in [6]: “In addition to received NDI, triggering of new transmission depends on whether the UE has data in the UL HARQ buffer or not. In synchronous UL HARQ, if the UE receives a grant and either NDI has been toggled or the UL HARQ buffer is empty, the UE triggers a new transmission; otherwise, the UE triggers a retransmission. With asynchronous UL HARQ, it may be necessary to update the handling of triggering of new transmissions.”
Question 8. 
Please provide your view on if and how handling of triggering of new transmissions should be updated for asynchronous UL HARQ along with a text proposal for TS 36.321.

Companies are welcome to provide their comments in the table below:
Table.6 Company views on Handling of new transmissions
	Company
	Handling of new transmissions

	Ericsson
	Question

8
	It is enough to use the existing NDI behaviour to trigger new transmissions. Retransmissions are triggered by retransmission uplink grants. For possible HARQ entity text changes, please see our comments to Question 9.

	Nokia Networks, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
	Question

8
	We think that the current method still works: if the UE receives a grant on a HARQ process with NDI toggled, or the UL HARQ buffer is empty for the HARQ process, the UE triggers a new transmission; otherwise, the UE triggers a retransmission.

	LG
	Question

8
	With asynchronous UL HARQ, HARQ process ID will be provided in the UL grant. In order to trigger a new transmission, we only need to consider the HARQ process ID. In other words, the UE triggers new transmission or retransmission by checking the buffer status and NDI for the HARQ process which is indicated by the UL grant.

	Intel
	Question

8
	We also think that current behaviour works as soon as the eNB does not re-use the same NDI, there would not be any issue in the UE side.

	InterDigital
	Question

8
	We also agree that the current behaviour works well

	ZTE
	Question

8
	Agree with Ericsson.

	Panasonic
	Question

8
	Same view as Ericsson and others.

	Qualcomm
	Question

8
	The existing NDI mechanism can be reused.

	Huawei, HiSilicon
	Question

8
	We also agree the existing NDI mechanism can be reused.  

	CATT
	Question

8
	We also think the current behaviour is sufficient to handle new transmissions and retransmissions based on HARQ process ID.


2.4.4 HARQ Entity

In legacy MAC mechanism, uplink HARQ entity identifies in each TTI the HARQ process(es) that are associated with this TTI. However, for asynchronous HARQ, the mapping of HARQ processes to TTIs is not implicit, and the information of which HARQ process is affected per (re)transmission can be given in the uplink grant. RAN1 agreed that there are no non-adaptive retransmissions of bundles; the UL HARQ entity can operate similar to the DL HARQ entity, that is, checking for the type of received grant and triggering possible (re)transmissions based on that. 
Question 9. 
Please provide your view on if and how the UL HARQ entity procedure text for Rel-13 LC/CE UEs should be updated to trigger only on received UL grants (instead of every TTI) along with a text proposal for TS 36.321. 
Companies are welcome to provide their comments in the table below.

Table.7 Company views on HARQ Entity
	Company
	HARQ Entity

	Ericsson
	Question

9
	In TS 36.321, section 5.4.2.1 HARQ entity, we think that at least the following points should be taken into account:

1) Disable the possibility for non-adaptive retransmission of repetition bundles ,e.g., remove the following for Rel-13 LC/CE UEs:

-
else, if the HARQ buffer of this HARQ process is not empty:

-
instruct the identified HARQ process to generate a non-adaptive retransmission.

2) For Rel-13 LC/CE UEs, the HARQ entity should trigger only for TTIs for which an uplink grant has been allocated and for the HARQ process identified in the grant. 

3) Condition 

-
if the uplink grant was received on PDCCH for the C-RNTI and the HARQ buffer of the identified process is empty

does not apply if the UL HARQ buffer is not flushed between transmissions.

	Nokia Networks, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
	Question

9
	We support UL asynchronous HARQ, where UE autonomous HARQ retransmission without eNB retransmission grant is prohibited. Text proposal for TS 36.321: see file
For BL UEs and UEs in enhanced coverage, the parameter UL_REPETITION_NUMBER provides the number of  transmission repetitions of a bundle. For each bundle, UL_REPETITION_NUMBER is set to a value provided by lower layers. Bundling operation relies on the HARQ entity for invoking the same HARQ process for each transmission that is part of the same bundle. Within a bundle HARQ retransmissions are non-adaptive and are triggered without waiting for feedback from previous transmissions according to UL_REPETITION_NUMBER. The HARQ feedback and/or a An uplink grant corresponding to a new transmission or a retransmission of the bundle is only received after the last repetition of the bundle. A retransmission of a bundle is also a bundle.
For BL UEs and UEs in enhanced coverage, uplink repetition bundling is used for transmission of Msg3.

For each TTI, the HARQ entity shall:

-    identify the HARQ process(es) associated with this TTI, and for each identified HARQ process:

-     if an uplink grant has been indicated for this process and this TTI:

For BL UEs and UEs in enhanced coverage, for each subframe where an UL grant is received for a HARQ process, the HARQ entity shall:

-     if the received grant was not addressed to a Temporary C-RNTI on PDCCH and if the NDI provided in the associated HARQ information has been toggled compared to the value in the previous transmission of this HARQ process; or

-     if the uplink grant was received on PDCCH for the C-RNTI and the HARQ buffer of the identified process is empty; or

-     if the uplink grant was received in a Random Access Response:

-    if there is a MAC PDU in the Msg3 buffer and the uplink grant was received in a Random Access Response:

-     obtain the MAC PDU to transmit from the Msg3 buffer.

-    else:

-     obtain the MAC PDU to transmit from the "Multiplexing and assembly" entity;

-    deliver the MAC PDU and the uplink grant and the HARQ information to the identified HARQ process;

-    instruct the identified HARQ process to trigger a new transmission.

-     else:

-    deliver the uplink grant and the HARQ information (redundancy version) to the identified HARQ process;

-    instruct the identified HARQ process to generate an adaptive retransmission.

-     else, if the HARQ buffer of this HARQ process is not empty:

-     instruct the identified HARQ process to generate a non-adaptive retransmission.
When determining if NDI has been toggled compared to the value in the previous transmission the MAC entity shall ignore NDI received in all uplink grants on PDCCH for its Temporary C-RNTI.

2.4.4.1 5.4.2.2  HARQ process

Each HARQ process is associated with a HARQ buffer.

For BL UEs and UEs in enhanced coverage, each HARQ process shall maintain a state variable CURRENT_TX_NB, which indicates the number of transmissions that have taken place for the MAC PDU currently in the buffer, and a state variable HARQ_FEEDBACK, which indicates the HARQ feedback for the MAC PDU currently in the buffer. When the HARQ process is established, CURRENT_TX_NB shall be initialized to 0. The sequence of redundancy versions is 0, 2, 3, 1. The variable CURRENT_IRV is an index into the sequence of redundancy versions. This variable is up-dated modulo 4.
For UEs in enhanced coverage and for large UL_REPETITION_NUMBER transmissions within a bundle,  the same redundancy version is used for Z times before cycling to the next redundancy version, so that the sequence of redundancy versions is Z times 0, Z times 2, Z times 3, Z times 1 and the variable CURRENT_IRV is updated modulo (4 * Z).
New transmissions are performed on the resource and with the MCS indicated on PDCCH or Random Access Response. Adaptive retransmissions are performed on the resource and, if provided, with the MCS indicated on PDCCH. Non-adaptive retransmission is performed on the same resource and with the same MCS as was used for the last made transmission attempt.
The MAC entity is configured with a Maximum number of HARQ transmissions and a Maximum number of Msg3 HARQ transmissions by RRC: maxHARQ-Tx and maxHARQ-Msg3Tx respectively. For transmissions on all HARQ processes and all logical channels except for transmission of a MAC PDU stored in the Msg3 buffer, the maximum number of transmissions shall be set to maxHARQ-Tx. For transmission of a MAC PDU stored in the Msg3 buffer, the maximum number of transmissions shall be set to maxHARQ-Msg3Tx.

The MAC entity is also configured with a HARQ process timer associating with each active HARQ process: maxHARQ-Timer. 

When the HARQ feedback is received for this TB, the HARQ process shall:

-    set HARQ_FEEDBACK to the received value.

If the HARQ entity requests a new transmission, the HARQ process shall:

-    set CURRENT_TX_NB to 0; 

-    set CURRENT_IRV to 0;

-    store the MAC PDU in the associated HARQ buffer;

-    store the uplink grant received from the HARQ entity;

-    if the UE is a bandwidth reduced low complexity UE or a UE in enhanced coverage:

-     set HARQ_FEEDBACK to ACK;

-    else:

-  set HARQ_FEEDBACK to NACK;

-    generate a transmission as described below.

If the HARQ entity requests a retransmission, the HARQ process shall:

-  increment CURRENT_TX_NB by 1;

-    if the HARQ entity requests an adaptive retransmission:

-     store the uplink grant received from the HARQ entity;

-     set CURRENT_IRV to the index corresponding to the redundancy version value provided in the HARQ information;

-     set HARQ_FEEDBACK to NACK;

-     generate a transmission as described below.

-    else if the HARQ entity requests a non-adaptive retransmission:

-     if HARQ_FEEDBACK = NACK:

-     generate a transmission as described below.

Editor’s note: It is FFS if non-adaptive retransmissions for repetition bundles are supported for Rel-13 LC/CE UEs.

NOTE:      When receiving a HARQ ACK alone, the MAC entity keeps the data in the HARQ buffer.

NOTE:      When no UL-SCH transmission can be made due to the occurrence of a measurement gap, no HARQ feedback can be received and a non-adaptive retransmission follows.

To generate a transmission, the HARQ process shall:

-    if the MAC PDU was obtained from the Msg3 buffer; or

-    if there is no measurement gap at the time of the transmission and, in case of retransmission, the retransmission does not collide with a transmission for a MAC PDU obtained from the Msg3 buffer in this TTI

-     instruct the physical layer to generate a transmission according to the stored uplink grant with the redundancy version corresponding to the CURRENT_IRV value;provided in the UL grant.

-     increment CURRENT_IRV by 1

-     if there is a measurement gap at the time of the HARQ feedback reception for this transmission and if the MAC PDU was not obtained from the Msg3 buffer:

-     set HARQ_FEEDBACK to ACK at the time of the HARQ feedback reception for this transmission.

- if it is the new transmission on a HARQ process, start or restart the HARQ process timer.

After performing above actions, the HARQ process then shall:

-    if CURRENT_TX_NB = maximum number of transmissions – 1, or HARQ process timer expires,
-     flush the HARQ buffer;

	LG
	Question

9
	See the answer to Question 8.

	Intel
	Question

9
	We agree on the following points:
· Removing non-adaptive transmission related part.
· Removing HARQ process linked in TTI (should be based on HARQ process id in UL grant)
· Removing implicit CURRENT_IRV counting (should be based on IR version in UL grant)  

One thing to consider is whether TTI will be variable proportionally to the configured repetitions or is kept as one subframe as in LTE (keeping in mind that those repetitions might not be consecutive but this information would be given to the UE). The latter one requires smaller changes but the former may provide simpler UE operation.  

	InterDigital
	Question

9
	We agree that the HARQ procedures have to be updated for asynchronous HARQ. We actually think it would be cleaner to write a new section for asynchronous HARQ, as now we have to indicate the behaviour of NDI toggling, how the UE deals with the NDI and a particular grant for a given HARQ process ID, and how it uses the grant to set the redundancy version, etc. 

	ZTE
	Question

9
	As a preliminary feedback, we have some sympathy for InterDigital’s suggestion to consider a new section for asynchronous HARQ

	Panasonic
	Question

9
	We also have some sympathy to introduce a new section for the asynchronous HARQ protocol operation.

	Qualcomm
	Question

9
	We agree with the points from Intel. Introducing a new section in the MAC specification is the cleanest approach.

	Huawei, HiSilicon
	Question

9
	We prefer to introduce a new section in the MAC specification. As an alternative, we also agree the proposals from Intel. 

	CATT
	Question

9
	We agree with the concept that the introduction of asynchronous HARQ taken into account info provided in the UL grant instead of implicit relationship which used in legacy synchronous HARQ.


2.4.5 DRX

The description of Active Time in DRX states [1]:

	When a DRX cycle is configured, the Active Time includes the time while: 

-
…
-
an uplink grant for a pending HARQ retransmission can occur and there is data in the corresponding HARQ buffer; or

-
…


Note the following text in [6]: “With synchronous UL HARQ it is well defined when the UE can expect to receive UL grants as the HARQ process is following a fixed pattern. It should be noted that the UE monitors (E)PDCCH once in every HARQ RTT even if the UE has received ACK in PHICH. With asynchronous UL HARQ, the UE can no longer know when to expect grants as the eNB may send them at any point in time. In addition, if HARQ buffer is not flushed, the UE would never stop monitoring (E)PDCCH according to current mechanism. Therefore, with asynchronous UL HARQ, the DRX behaviour needs to be modified.”

For Rel-13 LC/CE operation monitoring and detecting M-PDCCH transmission will take multiple subframes, depending on the repetition factor and M-PDCCH search space configuration. 

Question 10. 
Please provide your view on how the DRX behaviour should be modified for asynchronous UL HARQ operation for Rel-13 LC/CE UEs along with a text proposal for TS 36.321. 

Companies are welcome to provide their comments in the table below.

Table.8 Company views on DRX
	Company
	DRX

	Ericsson
	Question

10
	Similar to DL, UL asynchronous HARQ can adopt an "RTT timer" which is started after UL transmission to provide a DRX opportunity for the UE, and a "feedback/retransmission timer" which indicates the time during which the UE should monitor the control channel for a possible retransmission grant. If legacy buffer flushing mechanism is kept, the UE will increase CURRENT_TX_NB when a new transmission is requested, and checks if the maximum number of allowed retransmission attempts has been reached as in legacy UL HARQ.

In short, the proposed operation would be:

· After an UL transmission the UE starts the "RTT timer" which gives DRX opportunity.
· On expiry of the "RTT timer" UE starts the "retransmission timer" (as in DL).
· If a valid retransmission grant is received while the retransmission timer is running, the retransmission timer is stopped.
· If the standard supports buffer flushing, then UE increases CURRENT_TX_NB and if the maximum number of retransmissions is reached, the buffer is flushed after all UL repetitions have been transmitted (following legacy operation).
· The UE starts the "RTT timer".
· If no DCI/M-PDCCH is received during the "retransmission timer" UE goes to DRX if there are no other Active time timers running. (Note: Buffer is not flushed in this case).
The "retransmission timer" could reuse the configuration of drx-RetransmissionTimer including the agreed extended timer values up to 320 subframes. The "RTT timer" would serve a similar purpose as in DL and could possibly be reused, pending on agreements how the DL HARQ RTT Timer is handled for eMTC. The "RTT timer" for UL then controls the minimum time between the UL transmission and when the retransmission can be expected at the earliest. The "retransmission timer" for UL controls the time when the actual retransmission can be sent, providing the necessary scheduling flexibility. 

The benefits of using this approach would be the commonality to how DL asynchronous HARQ operates, and how the buffer flushing works in synchronous UL HARQ. Similar approaches for uplink asynchronous HARQ are also discussed in the work items for LAA and NB-IoT. 
In TS 36.321 Section 5.7 relevant timers should be introduced and the definition of the Active Time should be amended or modified accordingly for Rel-13 LC/CE UEs. Additionally, the following part of Active Time is not relevant since for asynchronous HARQ grant could occur at any point of time: 

-
an uplink grant for a pending HARQ retransmission can occur and there is data in the corresponding HARQ buffer;

	Nokia Networks, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
	Question

10
	We think the DL HARQ retransmission grant monitoring can be extended to UL to avoid adding a new standard parameter. The similar retransmission timer as DL HARQ could be reused. The timer starts when there is a HARQ retransmission in the uplink and stops when the UE detects that a re-transmission is scheduled.
drx-RetransmissionTimer: Specifies the maximum number of consecutive PDCCH or MPDCCH-subframe(s) until a DL retransmission is received from DL RTT+lastPdschReceptionTTI. For UL asynchronous HARQ operation, it also specifies the maximum number of consecutive PDCCH or MPDCCH-subframe(s) until an UL retransmission is received from UL RTT+lastPuschTransmissionTTI.

	LG
	Question

10
	Let’s assume that the UE performs UL transmission at subframe n, and the current DRX mechanism is applied.

With synchronous HARQ, the UE monitors PDCCH discontinuously at subframes n+4, n+12, n+20, and so on. However, with asynchronous HARQ, the UE monitors PDCCH continuously from subframe n+4. The monitoring behaviour is maintained until HARQ buffer is flushed.

Therefore, if we apply the current DRX mechanism to asynchronous HARQ, there would be large battery consumption, compared to synchronous HARQ.

In order to achieve similar level of battery efficiency, we need to modify the DRX mechanism for asynchronous HARQ. For example, we may need to introduce UL HARQ RTT Timer and UL drx-RetransmissionTimer in order for the UE to monitor PDCCH for short period after n+4.

	Intel
	Question

10
	We share the view that a drx-RetransmissionTimer concept could be used for asynchronous UL HARQ, however the actual value might not be the same as the one set for the DL one.

	InterDigital
	Question

10
	We also think that the concept of drx-Retransmission timer (with larger values) can be re-used to avoid the problem indicated by LG above. We also think that drx-inactivitytimer should be reused and the value should be extended.  

	ZTE
	Question

10
	We also agree to introduce HARQ RTT timer and drx-RetransmissionTimer for adaptive UL HARQ process, to save power for M-PDCCH monitoring.

	Qualcomm 
	Question

10
	We agree that a HARQ RTT timer and drx-RetransmissionTimer should be introduced for UL HARQ.

	Huawei, HiSilicon
	Question

10
	The intension for the introduction of DL HARQ RTT Timer and drx-RetransmissionTimer is to indicate the interval between the scheduled transmission and re-transmission for the purpose of power saving. Thus, UL HARQ RTT Timer and drx-RetransmissionTimer should be introduced for Rel-13 LC/EC UEs to indicate the timing sequence for UL transmission and retransmission.

We also propose that the DL HARQ mechanism can be extended for UL HARQ.

	CATT
	Question

10
	We also think HARQ RTT and drx_RetransmisisonTimer concept used in DL could be applied to asynchronous UL transmission. The timers for UL should be separated from DL timers.


2.4.6 Other

Question 11. 
Please provide if there are any other HARQ related issues that need to be addressed in the table below along with text proposals for TS 36.321. 

Table.9 Company views on Other
	Company
	Other

	Company
	Question

11
	Comments…

	
	Question

11
	

	
	Question

11
	

	
	Question

11
	

	
	Question

11
	

	
	Question

11
	

	
	Question

11
	


3 Summary

The following companies (13) participated in the email discussion: Ericsson, Nokia Networks, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, LG, Intel, Interdigital, ZTE, Panasonic, Qualcomm, Huawei, HiSilicon, and CATT. Based on the comments provided, the following observations can be made:

3.1 RA-RNTI 
All companies agree that RA-RNTI calculation should be updated due to the possibility of RA-RNTI collision for UEs that start preamble transmission in different radio frames (but in the same subframe) since RA response window size is extended up to 400 subframes. Majority of companies agree that the CE level or repetition factor (index) should be used in the RA-RNTI formula to separate at least UEs in different CE levels. Some companies propose to use SFN instead, and one company proposes to use 'time resource index' to separate the attempts.
Proposal 1 Frequency, time, and repetition factor indices (t_id, f_id, and r_id) are used to calculate RA-RNTI as follows: “RA-RNTI = 1 + t_id + 10 * f_id + 60 * r_id”
3.2 Random Access Preamble Transmission 
Based on the comments from companies, it would be good to confirm how the following agreement from RAN1#83 should be interpreted:  

· On power ramping, clarify that the maximum transmission power is used on the highest (i.e. the 4th) PRACH CE level.

· Finalization of specification work on PRACH power ramping is assumed to be conducted by RAN2.

Proposal 2 PRACH transmission power is always set to the maximum transmission power only on the 4th PRACH CE level. The UE shall use power ramping on all lower PRACH CE levels, i.e. if less than 4 PRACH CE levels are configured in the serving cell, power ramping is used on all configured PRACH CE levels.

Majority of companies prefer option 1 where UE sets PREAMBLE_RECEIVED_TARGET_POWER using the PREAMBLE_TRANSMISSION_COUNTER as in legacy.
Proposal 3 The UE shall set PREAMBLE_RECEIVED_TARGET_POWER using the PREAMBLE_TRANSMISSION_COUNTER.

Majority of companies think that the UE shall set PREAMBLE_RECEIVED_TARGET_POWER to preambleInitialReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep.

One company proposes that the UE shall set PREAMBLE_RECEIVED_TARGET_POWER to preambleInitialReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep – 10*log10(numRepetitionPerPreambleAttempt) assuming that the intention with the RAN1 agreement is that the total PRACH energy over all repetitions in a PRACH attempt should increase with powerRampingStep dB between two subsequent PRACH attempts.
Proposal 4 The UE shall set PREAMBLE_RECEIVED_TARGET_POWER to preambleInitialReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep.

Regarding the discussion on maximum transmission power; one company suggests not to capture anything in 36.321 considering that UE transmission power cap is currently specified only in 36.213. If companies think this is not clear enough a note in 36.321 referring to the text in 36.213 may do. One company suggests setting PREAMBLE_RECEIVED_TARGET_POWER to Pcmax – PL (pathloss).
Proposal 5 The UE shall set PREAMBLE_RECEIVED_TARGET_POWER to Pcmax – PL (pathloss) for the 4th PRACH CE level if RAN2 agrees that UE transmission power cap, which is specified in 36.213 is not enough.
3.3 Random Access in Connected Mode 
Company views are split between options 1 and 2. One company proposes a solution which is a combination of both options. One company proposes a third option. The discussion focused on the pros and cons of options 1 and 2 at handover, e.g. whether it is required to partition the dedicated preamble set per CE level, how Rel-13 LC/CE UEs shall acquire PRACH resource set.
Proposal 6 Discuss how Rel-13 LC/CE UEs shall acquire all relevant SI parameters, e.g. SIB1 and SIB2 parameters, at handover, i.e. via handover command from the source cell or broadcast information in the target cell. 
3.4 Uplink Asynchronous HARQ 
3.4.1 HARQ Feedback

All companies agree that for asynchronous UL HARQ there is no explicit feedback but retransmissions are indicated using uplink grants.
Proposal 7 There is no explicit feedback for asynchronous UL HARQ; retransmissions are indicated using uplink grants.
3.4.2 Buffer Flushing
Majority of companies think that buffer flushing is not needed, or it is irrelevant, for asynchronous and adaptive retransmissions. One company thinks that if the HARQ buffer is shared, then flushing might help. One company provides options when buffer should be flushed based on counting the number of transmissions or alternatively when a timer expires (options A1 and A2). One company prefers timer-based solution (A2) or leaving the flushing up to UE implementation.
Proposal 8 For asynchronous uplink HARQ, the buffer is not flushed.
3.4.3 NDI and handling of new transmissions
All companies think that the legacy mechanism can be used.
Proposal 9 Rel-13 LC/CE UEs shall use the legacy mechanism to trigger (re)transmissions.
3.4.4 HARQ Entity
All companies agree that changes to procedure texts are needed. Seven companies indicate that linking of HARQ processes to TTIs is different from synchronous HARQ since HARQ process ID is given in the UL grant. Six companies indicate preference to have a new section in MAC specification for uplink HARQ.

Proposal 10 For asynchronous uplink HARQ, processes are linked to TTIs differently.

Proposal 11 Discuss whether a new section is needed in TS 36.321 to capture the asynchronous UL HARQ mechanism.
3.4.5 DRX

All companies agree that using similar approach as in downlink with retransmission timer should be used for uplink asynchronous HARQ. Six companies mention using a corresponding RTT timer. Some companies mention that timers should be separate for UL and DL. All companies agree that for asynchronous UL HARQ there is no explicit feedback but retransmissions are indicated using uplink grants.
Proposal 12 DL concept of using retransmission and RTT timers are adopted for UL asynchronous HARQ.
4 Conclusion

Based on the discussion in section 3, we have the following proposals:
Proposal 1
Frequency, time, and repetition factor indices (t_id, f_id, and r_id) are used to calculate RA-RNTI as follows: “RA-RNTI = 1 + t_id + 10 * f_id + 60 * r_id”
Proposal 2
PRACH transmission power is always set to the maximum transmission power only on the 4th PRACH CE level. The UE shall use power ramping on all lower PRACH CE levels, i.e. if less than 4 PRACH CE levels are configured in the serving cell, power ramping is used on all configured PRACH CE levels.
Proposal 3
The UE shall set PREAMBLE_RECEIVED_TARGET_POWER using the PREAMBLE_TRANSMISSION_COUNTER.
Proposal 4
The UE shall set PREAMBLE_RECEIVED_TARGET_POWER to preambleInitialReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep.
Proposal 5
The UE shall set PREAMBLE_RECEIVED_TARGET_POWER to Pcmax – PL (pathloss) for the 4th PRACH CE level if RAN2 agrees that UE transmission power cap, which is specified in 36.213 is not enough.
Proposal 6
Discuss how Rel-13 LC/CE UEs shall acquire all relevant SI parameters, e.g. SIB1 and SIB2 parameters, at handover, i.e. via handover command from the source cell or broadcast information in the target cell.
Proposal 7
There is no explicit feedback for asynchronous UL HARQ; retransmissions are indicated using uplink grants.
Proposal 8
For asynchronous uplink HARQ, the buffer is not flushed.
Proposal 9
Rel-13 LC/CE UEs shall use the legacy mechanism to trigger (re)transmissions.
Proposal 10
For asynchronous uplink HARQ, processes are linked to TTIs differently.
Proposal 11
Discuss whether a new section is needed in TS 36.321 to capture the asynchronous UL HARQ mechanism.
Proposal 12
DL concept of using retransmission and RTT timers are adopted for UL asynchronous HARQ.
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