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Introduction
From last RAN1 meeting [1], the following agreements are drawn:
Agreements:
· At least for initial access, 
· The PDSCH for RAR is confined within NR UE minimum DL BW for a given frequency band
· The PDSCH for Msg4 is confined within NR UE minimum DL BW for a given frequency band. 
· FFS: If PDSCH for RAR and Msg4 are confined within initial active DL BWP.
· Send an LS to RAN4 informing tone spacing and bandwidth of different RACH preamble formats 
· Check if these RACH preamble formats are confined within UE’s minimum UL BW 
· Assigned to Dhiraj (Samsung) – R1-1716805, approved in R1-1716814 with the following updates
· The minimum uplink bandwidth needed for supporting this PRACH preamble format is 1.25MHz for 1.25kHz SCS and 5 MHz for 5kHz SCS.
· Update the action to: RAN1 would like to ask RAN4 to take the above information into account in their future work, and to inform RAN1 if there are concerns over the above information.
Agreements:
· At least for initial access, the association between SS blocks and RACH preamble indices and/or RACH resources is based on the actually transmitted SS blocks indicated in RMSI
Agreements:
· For RAR, X can be supported for the timing gap between the end of MSg1 transmission and the starting position of the CORESET for RAR
· Value of X = ceiling(/(symbol duration))*symbol duration, where the symbol duration is based on the RAR numerology
· Where  is to accommodate sufficient time for UE Tx-Rx switching if needed (e.g., for TDD)
· Note: UE Tx-Rx switching latency is up to RAN4
Agreements:
· RMSI indicates only a single transmit power for SS blocks in Rel-15
· For initial access, threshold for SS block selection for RACH resource association is configurable by network, where the threshold is based on RSRP
· FFS details, including ping-pong effect handling 
Agreements:
· NR supports at least slot based transmission of Msg2, Msg3 and Msg4
· Check if slot based scheduling can satisfy ITU requirement. If not, investigate ways to meet ITU requirement, e.g., non-slot based transmission of Msg2, Msg3 and Msg4
Agreements:
· Msg3 is scheduled by the uplink grant in RAR
· Msg3 is transmitted after a minimum time gap from the end of Msg2 over-the-air reception 
· gNB has the flexibility to schedule the transmission time of Msg3 while ensuring the minimum time gap
· FFS the minimum time gap w.r.t. UE processing capability
Conclusion:
· FFS Message 2 PDCCH/PDSCH is received by the UE assuming that the PDCCH/PDSCH DMRS conveying message 2 is QCL'ed with the SS block which the preamble/RACH occasion the UE sent is associated to
· FFS Message 3 is transmitted by the UE assuming that the same Rx beam as was used for PRACH preamble reception by gNB to which the received RAR is associated to
· FFS If there is no beam reporting in RACH message 3, Message 4 PDCCH/PDSCH is received by the UE assuming that the PDCCH/PDSCH DMRS conveying message 4 is QCL'ed with that of Msg 2 
· FFS: If there is beam reporting in RACH message 3
· FFS: If and how beam reporting in RACH message 3 impacts message 4 Tx QCL assumption

From the preamble format agenda, the following agreement was reached,
Agreements:
· NR defines the pattern of the slots that contain PRACH resource(s) in to a larger time interval
· FFS: time interval e.g 5/10/20ms
· FFS pattern
· FFS numerology of the slot e.g SS block, UL/DL, Msg1 or PUSCH
· FFS: Within each slot 
· Alt1: RACH resources within a slot are consecutive
· Alt2:RACH resources within a slot are not consecutive, e.g to handle the case of CORESET monitoring , in the 2/4/7 symbols
This contribution considers remaining details of NR 4-step random access procedure for multi-beam operations, i.e., multiple msg.1 transmission for contention free case, RAR contents and other msg.3/msg.4 related issue, RACH resource considerations and configurations. 
Discussions
Msg.1 related issues
 Threshold for selection of SS block during initial access
RAN1 agreed to configure an SS block RSRP threshold to help the UE in choosing an appropriate SS block for the RACH procedure. One remaining FFS point is how to handle the potential ping-pong effect that may result due to the frequent changes in SS block RSRPs. This is also related to the following question raised in previous RAN1 meetings - Is the UE allowed to change SS block used for the path loss estimate for retransmission? To avoid the ping-pong effects, the following behaviour can be defined for the UE – 
A UE can re-select another SS block –
1. “only” if the current SS block is deemed not suitable according to the threshold criteria, or
2. when some other SS block (SS block X) along with the current SS block (SS Block Y) satisfy the threshold criteria, but this new SS block X is better than the previously used SS block Y and also better than other SS blocks which are above the threshold. 
Such a behavior can avoid ping-pong effects as identified during the previous RAN1 meetings.

Proposal 1:  To avoid any ping-pong effects in SS block selection, define the UE behavior as follows 
A UE can re-select another SS block –
a) “only” if the current SS block is deemed not suitable according to the threshold criteria, or
b) when some other SS block (SS block X) along with the current SS block (SS Block Y) satisfy the threshold criteria, but this new SS block X is better than the previously used SS block Y and also better than other SS blocks which are above the threshold. 
 Threshold for selection of SS block/ CSI-RS for RACH during handover
RAN2 is discussing how to choose between dedicated and common resources for the case of contention-free RACH and a threshold based decision (as being discussed in RAN1) is being considered. For instance, if the suitability threshold is properly configured, UE can continue to use the dedicated RACH resource for handover case rather than falling back to common RACH resources. This threshold will be indicated to the UE by the gNB. More details can be referred to RAN2 email discussion. 
In RAN1 NR#3, RAN1 has agreed that: “For initial access, threshold for SS block selection for RACH resource association is configurable by network, where the threshold is based on RSRP”. UE reports a suitable (i.e. signal quality above a threshold) DL TX beam by selecting PRACH resource mapped to the suitable DL TX beam. After transmitting the PRACH preamble, UE can prepare to monitor msg2 by assuming gNB transmits RAR using the reported DL TX beam. One purpose of the threshold ensures that DL TX beam selected and reported by UE using PRACH transmission has signal quality sufficient enough for UE to receive RAR transmitted by gNB using that DL TX beam. In case of TX/RX beam reciprocity at gNB, the threshold also ensures that appropriate RX beam is used by gNB for receiving the PRACH preamble transmitted by UE. The threshold depends on various deployment factors such as cell size, beam characteristics, etc. So we propose that even during handover, the threshold for SS block or CSI-RS selection for accessing the target cell is configured in handover command. If the handover command includes only common RACH configuration associated with SS block then the threshold is used by UE to select common RACH resource associated with a suitable SS block. If the handover command includes both common and dedicated RACH configuration associated with SS block then the threshold is used by UE to select common or dedicated RACH resource associated with a suitable SS block. If the handover command includes common RACH configuration associated with SS-Block + dedicated RACH configuration associated with CSI-RS, it may be possible to configure separate thresholds for CSI-RS and SS block selection as both SS block and CSI-RS have different beam characteristics. 

Note that the threshold for SS block should be configured via handover command because this threshold corresponds to the target cell behavior while the threshold agreed to be configured during initial access (in RAN1 NR AH#3) corresponds to the serving cell. Further note that this threshold will be beneficial because the UE can continue to perform CSI-RS measurements during the course of the RACH procedure (done for handover) and update the beam selection among the CSI-RS resources which are configured in a UE specific manner. The fallback mechanisms i.e., in case the UE does not find a suitable CSI-RS resource for RACH, are being discussed in RAN2.

Proposal 2: gNB configures a RSRP threshold and indicate via handover command for contention-free RACH for SS-block or CSI-RS resource selection.
Since RAN1 has agreed that SUL can be used for PRACH transmission and also the selection of SUL or common UL PRACH resource is based on a threshold. Thus for selecting the PRACH resource to do contention free random access in handover case, such threshold should also be signal to UE. The reason is that, even UE will report the RSRP to the serving cell for the decision of initiating the handover or not, but there is a time gap between reporting this RSRP and the actually transmission of preamble. In this case, it’s better to signal both PRACH resource configuration on SUL or common UL to the UE, and then let UE decide which resource to use based its latest measurement. 

Proposal 3: gNB configures a RSRP threshold and indicate via handover command for contention-free RACH for selecting SS-block/CSI-RS based RACH resource on either SUL or Common UL.
 Transmit power consideration for msg.1 
In previous meetings, it was discussed that the gNB may configure different transmit power for different SS block in some cases (e.g., different TRP configuration), in which the gNB also needs to signal these transmit power values to the UE in order to calculate the path loss value. RAN1 has agreed that one “SS block transmit power” will be signaled to UE. Thus, we can further down-select from following two options:
Indicate only one transmit power value for all SS block.
	Opt 1: indicate only one target received power of preamble;
	Opt 2: indicate target received power of preamble per SS block (includes the option where gNB indicates a common target received power for all preambles and a specific offset value per SS block from this common value).;
The general idea for this two options is to signal only one Tx power value of SS block but compensate the power difference by e.g., configuring the different value of target received power of preamble. By doing so, the UE can still take into account the difference on the SS block transmit power for path loss calculation. For example, in LTE, 6 bits are configured for indicating the transmit power and 4 bits are needed for the received target power value, when consider the number of possible SS block, a considerable amount of overhead can be saved. However in the option 1, only one Tx power value and only one target received power of preamble will be indicated similar to LTE, but this will let the UE be unaware of the Tx power difference information so that ends up to mistakenly calculate the path loss value. On the other hand, the overhead issue in the RMSI payload size is also a concern. Thus, if we decide to inform this kind of power difference information to the UE, some indication method with less signaling requirement is needed.
Based on above analysis, it is clear that the purpose is to use minimized signaling overhead while still able to indicate the Tx power (difference) information of SS block. Thus, it is preferred to have solutions like option2.   
Proposal 4: gNB indicates one Tx power value for all SS block but individual target received power value per SS block. 
Msg.2 related issues
    RAR content
According the following RAN2 agreement:
Agreements:
-   The following fields are always included in the RAR random access procedures:  RAPID, UL grant, TA, Temporary C-RNTI for all cases other than msg. 1 SI request.  
-	BI can be included in msg. 2 as in LTE. UE behaviour with respect to backoff is the same as in LTE
RAN2 has agreed at least to include the RAPID, UL grant, timing advance, temporary C-RNTI in the RAR, which is typical in LTE design. However, some other things need to be considered as well as also discussed in [2].
TA command related
For TA command, there are two aspects: one is the TA granularity and the other is the TA command size. In LTE, as the maximum cell radius is 100km and with 6.7us/km transmission delay, so that accommodate the largest TA range, we need 11 bit TA command with 16Ts granularity. Based on previous discussion, consider that different cell range and the use of different SCS value, it is possible that using more precise TA granularity rather the same for all scenarios. In this case, we suggest the TA granularity should be determined cell specifically according to preamble format (with respect to the target cell radius). The reason is that if the TA granularity is determined based UE specifically configured the SCS, the UE with higher SCS cannot achieve enough timing advance to cover the delay spread. One example is that if one cell covers 100km and for UE1 with 15 kHz using 16Ts as TA granularity and 11bits TA commands is fine, but if we do linear scaling down, for the UE2 with 30 kHz using 8Ts as TA granularity and same 11bits TA commands, it will only have half the supported coverage. Thus, the TA granularity should be cell specifically determined. Since the TA is higher dependent on the cell coverage and on the other hand, the preamble format is determined also highly related to the cell coverage, thus we suggest determining the TA granularity based on the preamble format with the fixed TA command size, e.g., 11bits. Using the msg.3 SCS seems workable for initial access UE as it is also cell specifically configured, but for the contention free UE doing handover, it may not have msg.3 SCS for the neighboring cell but it will be signaled the preamble format. Thus, for the consistence and simplicity, we suggest to using preamble format to determine the TA step size with respect to the cell range.  
Observation 1: The TA value is highly dependent on the supported cell radius. 
Proposal 5: The TA value is indicated with fixed bit size (e.g., 11 bits) and the TA granularity is determined according to the preamble format with respect to the supported cell radius. 
UL delay for msg.3 transmission
One issue is to determine the transmission timing for Msg. 3. In LTE, the UE will try to find the first available UL sub-frame at least in 6 sub-frames after the detection of RAR. This timing relation is fixed in the spec and there is one-bit parameter named UL delay in the 20-bit UL grant intending to offer some load balance effect to the resource allocation. However, due to the introduction of beamforming in the NR design, the timing relation of detected RAR and Msg. 3 transmission should consider the reception of Msg. 3, i.e., gNB will have the specifically preferred/selected UL Rx beam for each UE where such UL Rx beam could be determined by the detection of Msg. 1. For the convenience of using analog beamforming, it’s better to allocate these UEs with the same UL Rx beam in the same time opportunity. As one example shown in Fig. 1, for the case of gNB has no beam correspondence, it may require the UE to transmit the preamble(s) using the repeated format, 4 UEs select the same DL Tx beam associated RACH resource to transmit the Msg. 1, and it’s possible that gNB might detect them with different UL Rx beams. For the sake of better receiving the Msg. 3 using analog beamforming, gNB could allocate UE1 and UE3 in the same subframe and UE2 and UE4 in another subframe. 

 
Fig. 1 Configure timing by considering UL Rx beam preference

One solution is that, NR could still configure a UE common timing relation to indicate the timing of Msg. 3 transmission, for example, preconfigured in the spec or indicating in the SIB, UE should find the available UL sub-frame for Msg. 3 transmission in 6 sub-frames after the detection of RAR. Then by further extending the usage of UL delay to indicate the UE specific adjustment, the network could separate the UEs preferring different UL Rx beam into different timing (sub-frames). For example, extending the UL delay field into 3 bits, then the gNB could indicates 8 different levels of delay; gNB could configure the UL delay value based on the selection of UL Rx beam and/or the need of load balance. As some UE will share the same value of UL delay, it is even more beneficial to allocate such value in UE-group manner. For example, the UL delay value could be put in the PDCCH, so that the UE(s) who successfully decode the PDDCH and find the matched RAPID in the RAR can all apply the same UL delay. Another possible solution is to allocate the UL delay in the MAC subheader along with these UEs’ corresponding MAC subheaders containing the RAPID. The detailed discussion refers to [3]  
Proposal 6: Both UE common and UE (group) specific timing configuration could be supported. UE (group) specific timing configuration is configured in the msg2. 
RA-RNTI related
In LTE, only the time and frequency information is needed for the RA-RNTI calculation. However, in NR system, this might not be enough since the multiple SS blocks could be associated with same RACH occasion, in this case the preambles will be divided into multiple groups and each group will be associated with different SS block. When UEs choose different SS blocks, in the calculation of RA-RNTI, the preamble group index could also be considered. By doing so, when UE tries to detect the RAR, it can save some effort by avoiding the one which is corresponding to the same RACH resource (same time/frequency resource) but different SS block.
Observation 2: it is beneficial to include the preamble group information in the RA-RNTI calculation. 
Msg.3/msg.4 related issue
0.     HARQ Retx for msg.3 including the detection of msg.4;
In LTE, when the UE successfully detects the RAR, it will find the UL resource for msg.3 transmission. By checking the PHICH after transmitting msg.3, UE will find out whether gNB has successfully received its msg.3 or not. For example, if UE receives the NACK, then it will prepare the msg.3 retransmission and if ACK is received, it will prepare to detect the contention resolution. However, since the PHICH is no longer available in NR, the UE is now required to monitor the potential DCI. Some simple solution will be like if the UE detects an UL grant, it will behave like the gNB did not receive its msg.3 successfully and then do the msg.3 retransmission. On the other hand, if the UE detects the DCI with the contention resolution (msg.4) information, it can consider that the msg.3 has been successfully decoded by gNB. 
One remaining question is whether the explicit indication of ACK/NACK still needed?. Based on aforementioned simple solution, if the DCI size of the UL grant for msg.3 re-transmission and that of the msg.4 are different, the explicit indication of ACK/NACK may still be needed unless the UE will have to blindly detect both types of DCI for the same coreset, in which the UE burden will increase.  
0.     ACK resource for msg.4 feedback 
Once UE has successfully detects the contention resolution and also the contention resolution identity in the MAC CE matches the UE ID that UE transmits in the msg.3 by CCCH SDU, the UE needs to send a confirmation feedback (i.e., ACK) to the gNB. Several aspects need to be considered in order to give a solution to this issue.
Msg.3 contention
If multiple UEs selected the same RACH resource and preamble, they will have the same RA-RNTI and likely detect the same RAR, thus the collision in the msg.3 transmission. In NR, due to the usage of analog beamforming, the possibility of successfully decoding of multiple contented msg.3 is increased. Moreover, the small cell configuration will make the TA difference not a big impact, e.g., the UE transmits with a not so accurate TA can still be detected by the gNB. Thus, in the case of multiple msg.3 have been decoded, it’s a waste if we still only access one UE and drop the others, the fairness among the initial access UE may not be hold and also, it’s also not good for the sake of overall access delay. 
Feedback resource indication
Another aspect is that the indication of the feedback resource, i.e., PUCCH resource for ACK feedback. There could be two types of indication, explicitly or implicitly. The implicit manner will have ‘default information’ for PUCCH resource determination can be conveyed by e.g., system information. Similar as LTE, one cell-specific PUCCH parameter (e.g., Npucch1) is broadcasted in RMSI which is acquired before random access. Then, PUCCH resource for Msg 4 is derived by Npcch1+ncce_index. One the other hand, the explicit manner will be simple as to be indicated in the msg.4, e.g., in the same MAC CE of UE contention resolution identity or even in the MAC SDU, in which the latter may require longer processing time.
Thus, for the UE who detects the msg.4 addressed to C-RNTI, it can follow the regular feedback process as a connected UE. For these initial access UEs, in order to tackle the case of multiple contented msg.3 being decoded and feedback resource indication, it’s beneficial to introduce separate/new C-RNTI value in the contention resolution to access more UEs. For example, if UE1 and UE2 are contented in the msg.3 but both are decoded by gNB. The gNB could configure new C-RNTI value to both UEs. Moreover, the ACK feedback resource could be explicitly or implicitly indicted in the msg.4 since the UE will anyway need to decode the MAC PDU to get the contention resolution identity at least to decide whether its contention is successful or not.
Observation 3: it’s beneficial to introduce separate/new C-RNTI value in the contention resolution to access more UEs
Proposal 7: the ACK feedback resource could be explicitly indicted in the msg.4
RACH configuration details
Following LTE philosophy is still applicable in NR to complete the RACH configuration. That is to say:
A table of preamble format will be specified, in which the preamble sequence length, SCS, CP_length, repetition number or even supported restrict set will be included. Each preamble format index will be mapped to a group of the certain values of the mentioned attributes. 
A table of RACH configuration will be specified, in which the preamble format index, available PRACH occasion(s) in a given time duration (also known as density, e.g., subframe 1, 3, 5 is for RACH purpose in one radio frame), how often will these PRACH occasion(s) repeated (also known periodicity, e.g., these PRACH occasion(s) will be available for every radio frame, thus the periodicity is 20 ms). The frequency information of these PRACH occasion(s) could be separated indicated like LTE or added in the table as well, i.e., define the available PRACH occasion(s) in a given time duration and given frequency duration, define the periodicity in both time domain and frequency domain. In NR, as the preamble format could be symbol level, the time domain information should include the position information of which slot and the start symbol position within the slot. One example of the time domain indication could be as following. The PRACH configuration index 0 indicates using format A0, and in 1st ,3rd ,5th symbol in the 1st slot of the even SFN. 
	PRACH Configuration
Index
	Preamble
Format
	System frame number
	Slot (symbol) number

	0
	A0
	Even
	1(1,3,5)

	1
	A0
	Even
	1(7,9,11)

	…
	…
	…
	…



In such table, each RACH configuration index will be mapped to a group of the certain values of the mentioned attributes. For example, by being indicated one RACH configuration index, a UE will know where the available RACH occasions are. The unknown of SFN of a target cell during the handover cases may need to be considered when design the periodicity of RACH configuration. In current NR discussion for above 6Ghz, 3bits of the SS block index information will be included in the PBCH. That’s to say, a UE will be very likely to decode PBCH from target cell for handover to get the SS block index, in which the SFN information, related to the synchronization status between cells, may be naturally obtained by the UE. However in below 6Ghz, this may be still an issue as UE did not have the SFN information of target cell, thus if the periodicity of RACH resource is no less than 20 ms (2 radio frames), UE cannot locate the RACH resource due to the uncertainty of even or odd SFN. One simple solution is that to design the periodicity of RACH configuration to be e.g., 10ms, thus the RACH resource will be always available to UE. 
A SS block mapping rule will be specified, which the mapping rule describes how to allocate the RACH occasion(s) corresponding to the selected SS block. In previous meeting’s tdoc, the explicit and implicit manners were discussed. As an implicit manner, some equation-type of mapping rule between the selected SS block index and the RACH resource index in specification. By using the mapping rule, UE can calculate which (logical) symbol index will be used for RACH transmission, and by the RACH configuration table, UE can obtain the exact (physical) symbol index in which slot. But the implicit manner is difficult to configure many-to-one or one-to-many mapping between the RACH resources and SS blocks. In short, the explicit manner could provide higher flexibility while implicit manner could save some indication overhead. For the case of explicit based indication, a bit-map based mechanism seems feasible in order to support the many-to-one or one-to-many mappings between SS blocks and PRACH resources. This gives gNB significant flexibility in providing a non-uniform association between the RACH resources and the SS blocks depending on the specific implementation. The overhead for this explicit indication can be contained by considering mechanisms such as bit-map, group-based bit-map etc. much similar to the options discussed for the SS block mapping. Furthermore, such an indication implicitly gives the information about the actually transmitted SS blocks. 
On the other hand, it was agreed that the RACH configuration would be included in the RMSI and which will be common among all SS blocks; it may also be considered to design this mapping in an implicit manner if the overhead of explicit indication is deemed to be too much. One solution could be that the SS block index will be one-to-one mapping to the RACH occasion, and in case of many to one mapping and one to many mapping, equal number of SS block(s) and equal number of RACH occasions will be required, respectively. For example, every 2 SS blocks will be mapped to one RACH occasion or every SS block will be mapped to 2 RACH occasions. 
Here is the basic procedure for UE to obtain the time/frequency resources of PRACH. 
UE obtains the suitable DL signals and its corresponding SS block index, e.g., it selects the SS block index 2. Then UE reads the RACH configuration in RMSI to get the available RACH occasion(s), e.g., UE finds out that the odd symbols in first and second slots in every 10ms is for PRACH. Based on the mapping rules, selected SS block index and the number of mapped SS blocks (or RACH occasion); UE obtains the PRACH resource for MSG. 1 transmission, e.g., the mapping rule is that every SS block will map to 2 RACH occasions (two symbols), so that UE will know the 5th and 7th symbol in first slot is for it to do msg.1 transmission.
An example RACH resource mapping is shown in figure below. 


Fig. 2 An example of RACH resource mapping
Observation 4: Implicitly mapping rule between SS block and RACH resources can be beneficial for the sake of saving signaling overhead while the explicit mapping manner can provide the good flexibility of gNB configuration. 
Proposal 8: If the overhead of RACH configuration in RMSI is considerable, NR supports implicit mapping between SS blocks and the PRACH resources.
RACH Slots and RACH Symbols
One concern on the mapping of multiple PRACH preamble formats is to be non-consecutive in order to accommodate different number of PDCCH symbols
· 1 symbol and 2-symbol duration preamble format
· These formats can be sent anywhere inside slot and there will be no issues whether the CORESET monitoring periodicity is 2/4/7/14 symbols. They just have to avoid symbols needed for PDCCH scheduling. 
· 4 symbol duration preamble format,A2/ B2
· Below table shows the candidate PRACH symbol mapping in a slot according to the possible the CORESET monitoring periodicity and the number of scheduled PDCCH symbols.
	Slot type
	PDCCH cases

	
	1 symbol PDCCH
	2 symbol PDCCH
	3 symbol PDCCH

	7 symbol monitoring periodicity
	{2,3,4,5}, {3,4,5,6}* {9,10,11,12}, {10,11,12,13}*
	{3,4,5,6}*
{10,11,12,13}*
	No place to accommodate

	14 symbol monitoring periodicity
	No issue
	No issue
	No issue


*Note ‘*’denotes the mapping for only format B
· 6 symbol duration preamble formats
When we use 6 symbol duration preamble formats, e.g., format A3, there are three usage case considering 14-symbol slot, as represented in figure 3. Considering UL/DL configuration, the RACH transmission should be done within the first half slot or the second half slot. Figure 3-(a) shows the PRACH mapping within first half slot. Format A3 within the first half slot should be allocated at the first symbol as the last OFDM symbol can be used as GT to avoid ISI to following data channel. Figure (b) and (c) below show cases when two preamble format occasions are considered during 14-symbol slot which is possible only in case of full UL slot.2nd half slot
1st half slot


Fig. 3 example of mapping 6 symbol duration preamble formats
· 12 symbol duration preamble formats
This format can be supported only using a full UL slot. 
Based on this observation, it is clear that a UE must be indicated the slots where RACH can be performed by the UE and in these slots it must be indicated the symbols which can carry RACH preambles. Since the slot format is changing dynamically, the SFI information must be indicated to the user, for instance via SIB (which is already agreed in RAN1) as below 
Agreements:
· For semi-static DL/UL assignment 
· Cell-specific RRC configuration (SIB) + additionally UE-specific RRC configuration
· UE-specific RRC configuration only overwrites the “unknown” state of the cell-specific RRC configuration
Using this information, the UE knows the slot structure. Then gNB indicates a RACH preamble format in the RACH configuration which is valid for all UEs within the cell. Then a fixed mapping can be defined for each RACH preamble format depending on the slot formats indicated in the SIB. 
Observation 5 : Based on the indicated slot format, preamble format and the RACH configuration index, UE is able to locate the possible PRACH occasion(s).  
Proposal 9: Fixed mapping pattern is defined based on the constraints of the specific preamble format and indicated in the RACH configuration table with RACH configuration index. 
0. CORESET & QCL aspects for RACH procedure
Here, we discuss various aspects that need to be clarified, but could have been common understanding, about the numerology, and bandwidth aspects for the various steps in the RACH procedure. 
One FFS point from the previous meeting is regarding the location of the various messages involved in the RACH procedure. Msg2 PDCCH, Msg2 PDSCH, Msg3 PDCCH, Msg4 PDCCH and PDSCH can all be confined within the initial active DL BWP. Some more aspects related to CORESET configurations are below - 
For Msg2:
The RAR CORESET configuration is similar to the CSS and RMSI CORESET configuration described in our companion tdoc [7]. However, as discussed during the last meeting, the monitoring periodicity of these CORESETs could be different to meet the control plane latency. Furthermore, in the last RAN1 meeting, the following was agreed regarding RAR scheduling – 
Agreements:
· NR supports at least slot based transmission of Msg2, Msg3 and Msg4
· Check if slot based scheduling can satisfy ITU requirement. If not, investigate ways to meet ITU requirement, e.g., non-slot based transmission of Msg2, Msg3 and Msg4

Also, the following was agreed in the RMSI agenda item –
Agreements:
· NR supports both slot based PDCCH and PDSCH, and non-slot based PDSCH transmissions for RMSI/broadcast OSI delivery
· For the non-slot based transmission, 2, 4 and 7 OFDM-symbol duration for the RMSI/broadcast OSI PDSCH is supported
· FFS the handling of PDCCH for non-slot based transmissions

From above, it is seen that RMSI (PDSCH) is supported via non-slot based transmission, but RAR is supported via slot-based transmission. Here it’s need to clarify that whether Msg2 (msg.4) in previous agreement is only constraining the CORESET part, i.e., msg2/4 PDCCH, or the constraining the msg2/4 PDSCH. Moreover, and to minimize the RMSI signaling overhead, the RAR CORESET can follow the RMSI CORESET configuration if possible except for the CORESET periodicity indication. For example, considering that the RACH periodicity is separate from the SS block periodicity, and it’s likely the need of RAR CORESET may be more frequent than the RMSI CORESET. Thus, balancing the overhead in RMSI and the need to indicate RAR CORESET configuration, we have the following proposal for RAR CORESET configuration - 
Proposal 10: At least the CORESET Periodicity of RAR is configured in the RMSI.
For Msg3:
For Msg3 retransmission UE needs to monitor NR-PDCCH for UL grant. In this case the CORESET is used by UE for monitoring PDCCH is 
a)     Same as the CORESET used for RAR
b)    CORESET is configured in RAR
Irrespective of either options, the Bandwidth for this CORESET should be confined within the UE minimum bandwidth for the given frequency band. Furthermore, the BW for PUSCH used in Msg3 should also be clarified to be confined within UE minimum BW. 
Proposal 11: Confirm that the CORESET for monitoring the PDCCH for Msg3 retx is same as the RAR CORESET. 
For Msg4:
For Msg4 reception UE needs to monitor NR-PDCCH. In this case the CORESET used by UE for monitoring PDCCH is 
a)     Same as the CORESET used for RAR
b)    CORESET is configured in RAR separately from Msg3
c)     CORESET used for Msg3 and configured by RAR
Proposal 12: Confirm that the CORESET for monitoring the Msg4 reception is same as the RAR CORESET.   
For RACH Procedure of SCell: 
The RACH procedure on a SCell is triggered by the PDCCH order which is received in active BWP of scheduling cell of TAG to which the SCell belongs to. Therefore, the numerology for PDCCH order is same as that of active BWP of scheduling cell of TAG to which the SCell belongs. The PDCCH for RAR and RAR is received on the PCell/ PSCell in this case. Therefore the following options exist for the numerology of the RACH procedure: 
· Option 1: Numerology for receiving PDCCH for RAR and PDSCH for RAR is same as UE's active BWP on PCell/ PSCell
· Option 2: Numerology for receiving PDCCH for RAR is same as numerology of UE's active BWP on PCell. Numerology of PDSCH for RAR is same as numerology of BWP in which PDSCH is scheduled by PDCCH for RAR. 
· Option 3: Numerology for receiving PDCCH for RAR and PDSCH for RAR is as configured in RMSI.
Among these options, Option 1 is the most reasonable one to support. 
Proposal 13: Numerology for receiving PDCCH for RAR and PDSCH for RAR (associated with the RACH procedure on SCell) is same as UE's active BWP on PCell/ PSCell.
QCL assumption
“Message 2 PDCCH/PDSCH is received by the UE assuming that the PDCCH/PDSCH DMRS conveying message 2 is QCL'ed with the SS block which the preamble/RACH occasion the UE sent is associated to.” In previous meeting, agreement on association between SS block and PRACH resource/preamble-group has indicated that such association is used for msg.2 Tx beam determination. Besides, this assumption is very helpful for UE behavior determination. For example, without this assumption, a UE needs to do Rx beam sweeping to receive the RAR, which is completely not acceptable no matter from complexity, power consumption or access delay perspective.
“Message 3 is transmitted by the UE assuming that the same Rx beam as was used for PRACH preamble reception by gNB to which the received RAR is associated to.” Previous meeting agreement shows that the Tx beam for msg3 is determined by UE. With this QCL assumption, UE can more easily determine the Tx beam but not constrain the gNB has to use the same Rx beam.
From our point of view, beam reporting is not necessary in RACH message 3, as UE already selected a qualified DL beam for msg2 and for RACH procedure; we don’t need additional unnecessary possible optimization for the DL Tx beam. Similar to msg.2, we think it will be helpful that the message 4 PDCCH/PDSCH is received by the UE assuming that the PDCCH/PDSCH DMRS conveying message 4 is QCL'ed with that of Msg 2 
0. [bookmark: OLE_LINK1]Msg3 power control 
Msg3 is sent using the UL-SCH and the necessary parameters for this transmission are obtained from the RAR and higher layers. In LTE, Tx power of msg3 is based on the Tx power of previously transmitted preamble and a parameter "deltaPreambleMsg3” signalled from system information. With the introduction of beam forming some changes may be expected for the case of Msg3 power control. More details about this can be found in our companion contribution [5]. 
Conclusion
In this contribution, considerations on RACH procedure are presented. In particular, the following are observed and proposed:
Observation 1: The TA value is highly dependent on the supported cell radius. 
Observation 2: it is beneficial to include the preamble group information in the RA-RNTI calculation. 
Observation 3: it’s beneficial to introduce separate/new C-RNTI value in the contention resolution to access more Ues
[bookmark: _GoBack]Observation 4: Implicitly mapping rule between SS block and RACH resources can be beneficial for the sake of saving signaling overhead while the explicit mapping manner can provide the good flexibility of gNB configuration. 
Observation 5 : Based on the indicated slot format, preamble format and the RACH configuration index, UE is able to locate the possible PRACH occasion(s).  

Proposal 1:  To avoid any ping-pong effects in SS block selection, define the UE behavior as follows 
A UE can re-select another SS block –
a) “only” if the current SS block is deemed not suitable according to the threshold criteria, or
b) when some other SS block (SS block X) along with the current SS block (SS Block Y) satisfy the threshold criteria, but this new SS block X is better than the previously used SS block Y and also better than other SS blocks which are above the threshold. 
Proposal 2: gNB configures a RSRP threshold and indicate via handover command for contention-free RACH for SS or CSI-RS resource selection.
Proposal 3: gNB configures a RSRP threshold and indicate via handover command for contention-free RACH for selecting SS/CSI-RS based RACH resource on either SUL or Common UL.
Proposal 4: gNB indicates one Tx power value for all SS block but individual target received power value per SS block. 
Proposal 5: The TA value is indicated with fixed bit size (e.g., 11 bits) and the TA granularity is determined according to the preamble format with respect to the supported cell radius. 
Proposal 6: Both UE common and UE (group) specific timing configuration could be supported. UE (group) specific timing configuration is configured in the msg2. 
Proposal 7: the ACK feedback resource could be explicitly indicted in the msg.4
Proposal 8: If the overhead of RACH configuration in RMSI is considerable, NR supports implicit mapping between SS blocks and the PRACH resources.
Proposal 9: Fixed mapping pattern is defined based on the constraints of the specific preamble format and indicated in the RACH configuration table with RACH configuration index. 
Proposal 10: At least the CORESET Periodicity of RAR is configured in the RMSI.
Proposal 11: Confirm that the CORESET for monitoring the PDCCH for Msg3 retx is same as the RAR CORESET. 
Proposal 12: Confirm that the CORESET for monitoring the Msg4 reception is same as the RAR CORESET.   
Proposal 13: Numerology for receiving PDCCH for RAR and PDSCH for RAR (associated with the RACH procedure on SCell) is same as UE's active BWP on PCell/ PSCell.
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