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Introduction
In RAN2#101, an email discussion for various timers that is impacted by introduction of NB-TDD was discussed [1].
In this contribution we discuss, the MAC timers ra-ResponseWindowSize and mac-ContentionResolutionTimer which were marked as FFS in RAN2#101.

	It is FFS whether ra-ResponseWindowSize should be extended, e.g. from 10.24sec to 15.36sec or 20.48 sec.
It is FFS whether max value of mac-ContentionResolutionTimer should be extended, e.g. from 10.24sec to 15.36sec or 20.48 sec.




[bookmark: _Ref178064866]Discussion
Timers Impact
Currently in NB-IoT FDD, the max value for RAR window size and contention resolution is 10.24s. 
	ra-ResponseWindowSize
Duration of the RA response window in TS 36.321 [6]. Value in PDCCH periods. Value pp2 corresponds to 2 PDDCH periods, pp3 corresponds to 3 PDCCH periods and so on. The value considered by the UE is: ra-ResponseWindowSize = Min (signaled value x PDCCH period, 10.24s).

	mac-ContentionResolutionTimer
Timer for contention resolution in TS 36.321 [6]. Value in PDCCH periods. Value pp1 corresponds to 1 PDCCH period, pp2 corresponds to 2 PDCCH periods and so on. The value considered by the UE  is: mac-ContentionResolutionTimer = Min (signaled value x PDCCH period, 10.24s). 



However, TDD mode fundamentally differs from FDD mode in the way UL and DL are transmitted. In FDD mode, dedicated uplink and downlink radio frames each on a separate carrier frequency are used. However, in TDD mode, uplink and downlink resources are allocated within the same radio frame sharing the same carrier frequency. Some of the sub-frames are allocated for uplink whereas some are allocated for downlink. In TDD mode different UL/DL configurations are provided as shown in Table 1 [2].
								Table 1
	Uplink-downlink 
configuration
	Downlink-to-Uplink 
Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D




[bookmark: _Toc509061962][bookmark: _Toc509062119][bookmark: _Toc510097787][bookmark: _Toc510182215]For TDD configuration 6, there are only 3 downlink subframes available in a frame, which makes NB-IoT TDD deployment very difficult. Similarly, for other configurations there are at least 30% less DL subframe as compared to NB-IoT FDD. For example, TDD config 1 has 60% less DL subframes compared to FDD.
Considering, configuration 1, which has the 4 DL subframes in one frame and this is one of the configurations which is fairly commonly used; we see that the current maximum RAR widow size of 10.24s will not be sufficient. DL scheduler in anchor or non-anchor carrier carrying SIB1-NB message may not be able to schedule the Random response immediately. Besides, as per the RAN1 agreement below:
· For NPSS, NSSS and NPBCH transmission in TDD:
· NPSS is transmitted on subframe #5 in every radio frame
· NSSS is transmitted on subframe #0 in every even-numbered radio frame
· NPBCH is in subframe 9 in every radio frame on the same carrier as NPSS/NSSS.
· Note: TDD configuration 0 may not be possible due to this.
Thus, in TDD config 1, we have 4 DL subframes, 3 subframes are already occupied by NPSS/NSSS/NPBCH, which implies only one DL subframe is left for DL transmissions. That means to send 2048 NPDCCH repetitions it would take 2048 * 10 ms = 20.48s, i.e. longer than the currently support 10.24 s time of the contention resolution and RAR-window.

[bookmark: _Toc509061963][bookmark: _Toc509062120][bookmark: _Toc510097788][bookmark: _Toc510182216]For TDD config 1, it would take 20.48s to carry the maximum 2048 NPDCCH repetitions in anchor carrier. Similar duration is also expected in non-anchor carrier carrying the SIB1 and SI messages.

Hence, we would like to propose to remove the restriction of 10.24s for RAR window size duration.
Using the same analogy, we would like to propose to remove the restriction of 10.24s for MAC contention resolution timer.

[bookmark: _Toc509061966][bookmark: _Toc509062122][bookmark: _Toc509067539][bookmark: _Toc510097790][bookmark: _Toc510182218][bookmark: _Toc511120033][bookmark: _Toc511121292][bookmark: _Toc511129073][bookmark: _Toc511129726][bookmark: _Toc511143324][bookmark: _Toc511144469]For NB-TDD; the restriction of 10.24s duration for ra-ResponseWindowSize and mac-ContentionResolutionTimer is not applicable. The timer value is still expressed in seconds via the signaled value x PDCCH period.
[bookmark: _Toc511129727][bookmark: _Toc511143325][bookmark: _Toc511144470]RAN2 assumes that PDCCH Period definition is same as FDD and hence it is counted including the UL TDD subframes. 

RA-RNTI
Based upon above discussion, it is obvious that RA-RNTI formula for NB-FDD may not be applicable for NB-TDD because of the SFN wrap around issue. Hence, below RA-RNTI formula based upon HSFN is proposed for NB-TDD:
RA RNTI=1+ Floor ((SFN_id+1024*mod(HSFN_id,sfnCycles ))/4)+ 256*sfnCycles* carrier_id
[bookmark: _Toc509067540][bookmark: _Toc510097792][bookmark: _Toc510182220][bookmark: _Toc511120035][bookmark: _Toc511121294][bookmark: _Toc511129075][bookmark: _Toc511129728][bookmark: _Toc511143326][bookmark: _Toc511144471]For NB-TDD; RA-RNTI formula is based upon HSFN in addition to SFN to avoid any SFN wrap around issue.

Distribution of RA-RNTI
Below is the plot of FDD RA-RNTI distribution for anchor carrier (carrier_id is 0). The RA-RNTI is computed for the HSFN cycle (1 to 1024), where each cycle compromises of 1024 SFN cycles. As seen, the distribution is uniform with 4096 occurrences of each value from 1 to 256.

[image: ]
For TDD, a uniform distribution is desired to avoid similar to FDD to avoid any ambiguity of RA-RNTI detection. The mapping of frame number to RA-RNTI will be simplified if the RA-RNTI distribution is uniform.
Below we plot RA-RNTI distribution, considering above suggested formula in proposal 3 for sfnCycles 2 and 4.
RA RNTI=1+ Floor ((SFN_id+1024*mod(HSFN_id,sfnCycles ))/4)+ 256*sfnCycles* carrier_id
[image: ]
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Below is the plot considering below formula
    RA-RNTI=1 + floor(SFN_id/4) + 256*carrier_id + 4096*(H-SFN mod 2)
[image: ]


When RA-RNTI is computed as 1 + floor(SFN_id/4) + 256*carrier_id + 4096*(H-SFN mod 2), it does not provide uniform distribution as seen in above plot. When RA-RNTI is computed as suggested in Proposal 3, there is a uniform distribution.

[bookmark: _Toc511120036][bookmark: _Toc511121295][bookmark: _Toc511129076][bookmark: _Toc511129729][bookmark: _Toc511143327][bookmark: _Toc511144472]RAN2 to select RA-RNTI formula which provides uniform distribution of RA-RNTI, that is easy to map the frame number to RA-RNTI values. The mapping should be unambiguous within the HSFN/SFN window.


[bookmark: _Ref189046994]Text Proposal
Timers Impact
[bookmark: _Toc494150333]The below text proposal is suggested for TS 36.331 section 6.7.3.2 NB-IoT Radio resource control information elements

RACH-ConfigCommon-NB
The IE RACH-ConfigCommon-NB is used to specify the generic random access parameters.
RACH-ConfigCommon-NB information element
-- ASN1START

RACH-ConfigCommon-NB-r13 ::=		SEQUENCE {
	preambleTransMax-CE-r13				PreambleTransMax,
	powerRampingParameters-r13			PowerRampingParameters,
	rach-InfoList-r13					RACH-InfoList-NB-r13,
	connEstFailOffset-r13				INTEGER (0..15)					OPTIONAL,	-- Need OP
	...
}

RACH-InfoList-NB-r13 ::=	SEQUENCE (SIZE (1.. maxNPRACH-Resources-NB-r13)) OF RACH-Info-NB-r13

RACH-Info-NB-r13	::=		SEQUENCE {
	ra-ResponseWindowSize-r13			ENUMERATED {
											pp2, pp3, pp4, pp5, pp6, pp7, pp8, pp10},
	mac-ContentionResolutionTimer-r13	ENUMERATED {
											pp1, pp2, pp3, pp4, pp8, pp16, pp32, pp64}
}

-- ASN1STOP

	RACH-ConfigCommon-NB field descriptions

	connEstFailOffset
Parameter “Qoffsettemp” in TS 36.304 [4]. If the field is not present the value of infinity shall be used for “Qoffsettemp”.

	mac-ContentionResolutionTimer
Timer for contention resolution in TS 36.321 [6]. Value in PDCCH periods. Value pp1 corresponds to 1 PDCCH period, pp2 corresponds to 2 PDCCH periods and so on. The value considered by the UE for NB-FDD is: mac-ContentionResolutionTimer = Min (signaled value x PDCCH period, 10.24s). The value considered by the UE for NB-TDD is: ra-ResponseWindowSize = signaled value x PDCCH period.

	powerRampingParameters
Power ramping step and preamble initial received target power – same as TS 36.213 [23] and TS 36.321 [6].
If more than one repetition level is configured in the cell, then the UE transmits NPRACH with max power except for the lowest repetition level. Otherwise, the UE uses NPRACH power ramping.

	preambleTransMax-CE
Maximum number of preamble transmission in TS 36.321 [6]. Value is an integer.

	ra-ResponseWindowSize
Duration of the RA response window in TS 36.321 [6]. Value in PDCCH periods. Value pp2 corresponds to 2 PDDCH periods, pp3 corresponds to 3 PDCCH periods and so on. The value considered by the UE for NB-FDD is: ra-ResponseWindowSize = Min (signaled value x PDCCH period, 10.24s). The value considered by the UE for NB-TDD is: ra-ResponseWindowSize = signaled value x PDCCH period.



RA-RNTI
MAC Impacts

The below text proposal is suggested for TS 36.321 section 5.1.4 Random Access Response reception

[bookmark: _Toc494136258]3.2	Abbreviations
For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].
BL			Bandwidth reduced Low complexity
BR			Bandwidth Reduced
BSR			Buffer Status Report
C-RNTI			Cell RNTI
CBR			Channel Busy Ratio
CC-RNTI			Common Control RNTI
CQI			Channel Quality Indicator
CRI			CSI-RS Resource Indicator
CSI			Channel State Information
eIMTA			Enhanced Interference Management and Traffic Adaptation
eIMTA-RNTI			Enhanced Interference Management and Traffic Adaptation - RNTI
E-UTRA			Evolved UMTS Terrestrial Radio Access
E-UTRAN			Evolved UMTS Terrestrial Radio Access Network
G-RNTI			Group RNTI
HSFN			Hyper System Frame Number
MAC			Medium Access Control
MCG			Master Cell Group
M-RNTI			MBMS RNTI
MPDCCH			MTC Physical Downlink Control Channel
LCG			Logical Channel Group
NB-IoT			Narrow Band Internet of Things
NPDCCH			Narrowband Physical Downlink Control Channel
NPDSCH			Narrowband Physical Downlink Shared channel
NPRACH			Narrowband Physical Random Access Control Channel
NPUSCH			Narrowband Physical Uplink Shared channel
PCell			Primary Cell
PSCell			Primary Secondary Cell
PHR			Power Headroom Report
PMI			Precoding Matrix Index
PPPP			ProSe Per-Packet Priority
P-RNTI			Paging RNTI
ProSe			Proximity-based Services
pTAG			Primary Timing Advance Group 
PTI			Precoding Type Indicator
RA-RNTI			Random Access RNTI
RAI			Release Assistance Indication 
RI			Rank Indicator
RN			Relay Node
RNTI			Radio Network Temporary Identifier
SCell			Secondary Cell
SC-FDM			Single-Carrier Frequency Division Multiplexing
SCG			Secondary Cell Group
SCI			Sidelink Control Information
SC-N-RNTI			Single Cell Notification RNTI
SC-PTM			Single Cell Point to Multipoint
SC-RNTI			Single Cell RNTI
SI-RNTI			System Information RNTI
SL			Sidelink
SL-RNTI			Sidelink RNTI
SL-V-RNTI			Sidelink V2X RNTI
SR			Scheduling Request
SRS			Sounding Reference Symbols
SRS-TPC-RNTI			Sounding Reference Symbols-Transmit Power Control-RNTI
SpCell			Special Cell
sTAG			Secondary Timing Advance Group
TAG			Timing Advance Group
TB			Transport Block
TPC-PUCCH-RNTI	Transmit Power Control-Physical Uplink Control Channel-RNTI
TPC-PUSCH-RNTI	Transmit Power Control-Physical Uplink Shared Channel-RNTI
V2X			Vehicle-to-Everything



[bookmark: _Toc494136279]5.1.4	Random Access Response reception
Once the Random Access Preamble is transmitted and regardless of the possible occurrence of a measurement gap or a Sidelink Discovery Gap for Transmission or a Sidelink Discovery Gap for Reception, and regardless of the prioritization of V2X sidelink communication described in subclause 5.14.1.2.2, the MAC entity shall monitor the PDCCH of the SpCell for Random Access Response(s) identified by the RA-RNTI defined below, in the RA Response window which starts at the subframe that contains the end of the preamble transmission [7] plus three subframes and has length ra-ResponseWindowSize. If the UE is a BL UE or a UE in enhanced coverage, RA Response window starts at the subframe that contains the end of the last preamble repetition plus three subframes and has length ra-ResponseWindowSize for the corresponding enhanced coverage level. If the UE is an NB-IoT UE, in case the number of NPRACH repetitions is greater than or equal to 64, RA Response window starts at the subframe that contains the end of the last preamble repetition plus 41 subframes and has length ra-ResponseWindowSize for the corresponding enhanced coverage level, and in case the number of NPRACH repetitions is less than 64, RA Response window starts at the subframe that contains the end of the last preamble repetition plus 4 subframes and has length ra-ResponseWindowSize for the corresponding enhanced coverage level. The RA-RNTI associated with the PRACH in which the Random Access Preamble is transmitted, is computed as:
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) except for NB-IoT UEs, BL UEs or UEs in enhanced coverage. If the PRACH resource is on a TDD carrier, the f_id is set to , where  is defined in Section 5.7.1 of [7].
For BL UEs and UEs in enhanced coverage, RA-RNTI associated with the PRACH in which the Random Access Preamble is transmitted, is computed as:
RA-RNTI=1+t_id + 10*f_id + 60*(SFN_id mod (Wmax/10))


where t_id is the index of the first subframe of the specified PRACH (0≤ t_id <10), 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, and Wmax is 400, maximum possible RAR window size in subframes for BL UEs or UEs in enhanced coverage. If the PRACH resource is on a TDD carrier, the f_id is set to , where  is defined in Section 5.7.1 of [7].
For NB-IoT UEs in case of FDD, the RA-RNTI associated with the PRACH in which the Random Access Preamble is transmitted, is computed as:
RA-RNTI=1 + floor(SFN_id/4) + 256*carrier_id
where SFN_id is the index of the first radio frame of the specified PRACH and carrier_id is the index of the UL carrier associated with the specified PRACH. The carrier_id of the anchor carrier is 0.
For NB-IoT UEs in case of TDD, the RA-RNTI associated with the PRACH in which the Random Access Preamble is transmitted, is computed as:
RA-RNTI=1 + floor ((SFN_id + 1024*mod(HSFN_id, sfnCycles))/4) + 256*sfnCycles*carrier_id
where SFN_id and HSFN_id are the indices of the first radio frame and Hyper frame number of the specified PRACH, carrier_id is the index of the UL carrier associated with the specified PRACH. sfnCycles is configured by upper layers. The carrier_id of the anchor carrier is 0.

The below text proposal is suggested for TS 36.331 section 6.7.3.2 NB-IoT Radio resource control information elements
RRC Impacts

RACH-ConfigCommon-NB
The IE RACH-ConfigCommon-NB is used to specify the generic random access parameters.
RACH-ConfigCommon-NB information element
-- ASN1START

RACH-ConfigCommon-NB-r13 ::=		SEQUENCE {
	preambleTransMax-CE-r13				PreambleTransMax,
	powerRampingParameters-r13			PowerRampingParameters,
	rach-InfoList-r13					RACH-InfoList-NB-r13,
	connEstFailOffset-r13				INTEGER (0..15)					OPTIONAL,	-- Need OP
	...,
	rach-InfoTDDList-r15				RACH-InfoList-NB-TDD-r15		OPTIONAL	-- Cond NB-TDD
}

RACH-InfoList-NB-r13 ::=	SEQUENCE (SIZE (1.. maxNPRACH-Resources-NB-r13)) OF RACH-Info-NB-r13

RACH-Info-NB-r13	::=		SEQUENCE {
	ra-ResponseWindowSize-r13			ENUMERATED {
											pp2, pp3, pp4, pp5, pp6, pp7, pp8, pp10},
	mac-ContentionResolutionTimer-r13	ENUMERATED {
											pp1, pp2, pp3, pp4, pp8, pp16, pp32, pp64}
}

RACH-InfoList-NB-TDD-r15 ::=	SEQUENCE (SIZE (1.. maxNPRACH-Resources-NB-r13)) OF RACH-Info-NB-    TDD-r15


RACH-Info-NB-TDD-r15	::=		SEQUENCE {
	sfnCycles 							ENUMERATED {c1, c2, c4},
	...

}


-- ASN1STOP
	RACH-ConfigCommon-NB field descriptions

	connEstFailOffset
Parameter “Qoffsettemp” in TS 36.304 [4]. If the field is not present the value of infinity shall be used for “Qoffsettemp”.

	mac-ContentionResolutionTimer
Timer for contention resolution in TS 36.321 [6]. Value in PDCCH periods. Value pp1 corresponds to 1 PDCCH period, pp2 corresponds to 2 PDCCH periods and so on. The value considered by the UE for NB-FDD is: mac-ContentionResolutionTimer = Min (signaled value x PDCCH period, 10.24s). The value considered by the UE for NB-TDD is: ra-ResponseWindowSize = signaled value x PDCCH period.

	powerRampingParameters
Power ramping step and preamble initial received target power – same as TS 36.213 [23] and TS 36.321 [6].
If more than one repetition level is configured in the cell, then the UE transmits NPRACH with max power except for the lowest repetition level. Otherwise, the UE uses NPRACH power ramping.

	preambleTransMax-CE
Maximum number of preamble transmission in TS 36.321 [6]. Value is an integer.

	ra-ResponseWindowSize
Duration of the RA response window in TS 36.321 [6]. Value in PDCCH periods. Value pp2 corresponds to 2 PDDCH periods, pp3 corresponds to 3 PDCCH periods and so on. The value considered by the UE for NB-FDD is: ra-ResponseWindowSize = Min (signaled value x PDCCH period, 10.24s). The value considered by the UE for NB-TDD is: ra-ResponseWindowSize = signaled value x PDCCH period.

	sfnCycles
Used to provide unique RA-RNTI values across SFN cycles as described in TS 36.321 [6]. Value c1 corresponds to 1 SFN Cycle, value c2 corresponds 2 SFN Cycle and value c4 corresponds to 4 SFN cycle.




	Conditional presence
	Explanation

	NB-TDD
	The field is optionally present, need ON, if the NB is based upon TDD mode; otherwise it is not present.



Conclusion
In section 2 we made the following observations:
Observation 1	For TDD configuration 6, there are only 3 downlink subframes available in a frame, which makes NB-IoT TDD deployment very difficult. Similarly, for other configurations there are at least 30% less DL subframe as compared to NB-IoT FDD. For example, TDD cnfig 1 has 60% less DL subframes compared to FDD.
Observation 2	For TDD config 1, it would take 20.48s to carry the maximum 2048 NPDCCH repetitions in anchor carrier. Similar duration is also expected in non-anchor carrier carrying the SIB1 and SI messages.

Based on the discussion in section 2 we propose the following:
Proposal 1	For NB-TDD; the restriction of 10.24s duration for ra-ResponseWindowSize and mac-ContentionResolutionTimer is not applicable. The timer value is still expressed in seconds via the signaled value x PDCCH period.
Proposal 2	RAN2 assumes that PDCCH Period definition is same as FDD and hence it is counted including the UL TDD subframes.
Proposal 3	For NB-TDD; RA-RNTI formula is based upon HSFN in addition to SFN to avoid any SFN wrap around issue.
Proposal 4	RAN2 to select RA-RNTI formula which provides uniform distribution of RA-RNTI, that is easy to map the frame number to RA-RNTI values. The mapping should be unambiguous within the HSFN/SFN window.


[bookmark: _In-sequence_SDU_delivery]References
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