[bookmark: _Toc193024528]3GPP TSG-RAN WG2 Meeting #121bis-e	R2-2303815	
Online, 17th – 26th  April, 2023

Agenda Item:	7.21.2	
Source:	Huawei, HiSilicon
Title:	Discussion on RAN2 impacts for PRACH coverage enhancement
Document for:   Discussion and decision
1. Introduction
In [1], a WID on PRACH coverage enhancement is approved. One of the objective with RAN2 impact is the following.
	· Specify following PRACH coverage enhancements (RAN1, RAN2)
· Multiple PRACH transmissions with same beams for 4-step RACH procedure
· Study, and if justified, specify PRACH transmissions with different beams for 4-step RACH procedure
· Note 1: The enhancements of PRACH are targeting for FR2, and can also apply to FR1 when applicable.
· Note 2: The enhancements of PRACH are targeting short PRACH formats, and can also apply to other formats when applicable.



RAN1 started the WID several meeting ago and they have already made many agreements on RA with multiple PRACH transmissions. In this contribution, we initially discuss the RAN2 impact by taking into account the RAN1 agreements so far.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2. Discussion
2.1 CE RA scenarios
In legacy, 4-step RA type can be applicable to the following RA events consisting of CBRA and CFRA as specified in TS 38.300 [2]. For R18 CE, we think all the above CBRA events can be applicable for 4-step RA type with MSG1 repetition, i.e. CFRA for handover, SCell RA and BFR are excluded, similarly as R17 CE on MSG3 repetition. However, for CFRA with MSG1 repetition, the motivation seems not that obvious since CFRA is subject to the beam being above a threshold level which the NW can control and contradictory with the intent of MSG1 repetition, and we thus think it should be low priority, and is pending to RAN1 progress. 
RAN2 assumes that MSG1 repetition can be applicable to all 4-step CBRA procedures. 
RAN2 assumes that CFRA with MSG1 repetition is with low priority and pending to RAN1.
	[bookmark: _Toc124536110]9.2.6	Random Access Procedure
The random access procedure is triggered by a number of events:
-	Initial access from RRC_IDLE;
-	RRC Connection Re-establishment procedure;
-	DL or UL data arrival, during RRC_CONNECTED or during RRC_INACTIVE while SDT procedure (see clause 18.0) is ongoing, when UL synchronisation status is "non-synchronised";
-	UL data arrival, during RRC_CONNECTED or during RRC_INACTIVE while SDT procedure is ongoing, when there are no PUCCH resources for SR available;
-	SR failure;
-	Request by RRC upon synchronous reconfiguration (e.g. handover);
-	RRC Connection Resume procedure from RRC_INACTIVE;
-	To establish time alignment for a secondary TAG;
-	Request for Other SI (see clause 7.3);
-	Beam failure recovery;
-	Consistent UL LBT failure on SpCell;
-	SDT in RRC_INACTIVE (see clause 18);
-	Positioning purpose during RRC_CONNECTED requiring random access procedure, e.g., when timing advance is needed for UE positioning.


2.2 CE RA configuration
Regarding multiple R17 feature (including SDT, RedCap, slicing) requires separate RA resources, RAN2 decided to have a common session for designing a common RA partitioning framework as shown below [2].
	The network can associate a set of RACH resources with feature(s) applicable to a Random Access procedure: Network Slicing (see clause 16.3), RedCap (see clause 16.13), SDT (see clause 18), and NR coverage enhancement (see clause 19). A set of RACH resources associated with a feature is only valid for random access procedures applicable to at least that feature; and a set of RACH resources associated with several features is only valid for random access procedures having at least all of these features. The UE selects the set(s) of applicable RACH resources, after uplink carrier (i.e. NUL or SUL) and BWP selection and before selecting the RA type.


On RA configuration for R18 CE, the following agreements were made by RAN1. One working assumption said both shared RO and separate RO can be supported for R18 which is similar with R17 CE. We think RAN2 can start discussing the detailed signalling on how to provide the R18 CE RA resource to UE until RAN1 has more agreement, e.g. “RO group”. On the other hand, in general we should aim to reuse the R17 RA partitioning framework as much as possible for R18 CE in order to avoid too many fragments, and the details can be further discussed.
	Working Assumption
For multiple PRACH transmissions with same Tx beam, to differentiate the multiple PRACH transmissions with single PRACH transmission, at least support that multiple PRACH are transmitted on separate ROs.
· Note: Separate RO means that the RO is separated with single PRACH transmission. 
· FFS: whether Rel-17 framework of feature combination (FeatureCombination-r17) and additional RACH configuration (AdditionalRACH-Config-r17) can be reused for Rel-18 multiple PRACH transmissions to realize the corresponding PRACH resource partitioning.

Working Assumption
For multiple PRACH transmissions with same Tx beam, to differentiate the multiple PRACH transmissions with single PRACH transmission, support that multiple PRACH are transmitted with separate preamble on shared ROs.
· Note: Shared or separate RO/preamble means that the RO/preamble is shared or separated with single PRACH transmission. 
· FFS: whether Rel-17 framework of feature combination (FeatureCombination-r17) and additional RACH configuration (AdditionalRACH-Config-r17) can be reused for Rel-18 multiple PRACH transmissions to realize the corresponding PRACH resource partitioning.
Agreement
For multiple PRACH transmissions with same Tx beam, "RO group" is assumed for multiple PRACH transmissions with separate preamble on shared ROs and/or multiple PRACH transmissions on separate ROs, and one RO group consists of valid RO(s) for a specific number of multiple PRACH transmissions.
· Note 1: All ROs in one RO group is associated with the same SSB(s).
· Note 2: Shared or separate RO/preamble means that the RO/preamble is shared or separated with single PRACH transmission.
· Note 3: whether/how to define “RO group” in specification will be discussed separately
· Note 4: Valid RO(s) refers to what is defined in existing specification
· FFS: whether and how to address collision between valid ROs for multiple PRACH transmissions and other existing ROs for legacy single PRACH transmission or other features, e.g., 2-step RACH.
· FFS: the time span of RO group.
· FFS: whether and how ROs can be shared between different RO groups for different number of multiple PRACH transmissions.
· FFS: other details



RAN2 aims to reuse the R17 RA partitioning framework for R18 MSG1 repetition as much as possible. 
2.3 MAC procedure
2.3.1 CE RA triggering 
In R17 CE, UE decides whether to trigger RA with MSG3 repetition at RA procedure initialization based on a configured RSRP threshold if both CE RA resource and non-CE RA resource are provided in the BWP as mentioned below [3]. If in a BWP only R17 CE RA resource is provided, the UE then selects CE RA directly without considering the configured RSRP threshold.
	[bookmark: _Toc29239820][bookmark: _Toc37296175][bookmark: _Toc46490301][bookmark: _Toc52751996][bookmark: _Toc52796458][bookmark: _Toc124525380]5.1.1	Random Access procedure initialization
[skip]
When a Random Access procedure is initiated, UE selects a set of Random Access resources as specified in clause 5.1.1b and initialises the following parameters for the Random Access procedure according to the values configured by RRC for the selected set of Random Access resources:
[skip]
[bookmark: _Toc124525382]5.1.1b	Selection of the set of Random Access resources for the Random Access procedure
The MAC entity shall:
1>	if the BWP selected for Random Access procedure is configured with both set(s) of Random Access resources with msg3-Repetitions set to true and set(s) of Random Access resources without msg3-Repetitions set to true and the RSRP of the downlink pathloss reference is less than rsrp-ThresholdMsg3; or
1>	if the BWP selected for Random Access procedure is only configured with the set(s) of Random Access resources with msg3-Repetitions set to true:
2>	assume MSG3 repetition is applicable for the current Random Access procedure.
1>	else:
2>	assume MSG3 repetition is not applicable for the current Random Access procedure.


For R18 CE, RAN1 also agreed to introduce threshold(s) for selecting PRACH with repetition as shown below. We think the procedure on R18 CE selection should be similar as R17 CE, e.g. they will be captured in the clause of 5.1.1b of RA initialization procedure in TS 38.321. In addition, in case a dedicated BWP configured with only R18 CE RA resources but the threshold(s) for R18 CE RA are not configured, the UE can only initiate R18 CE RA on this BWP.
Given that RAN1 agreed to support PRACH resource differentiation between multiple PRACH transmissions with different number of multiple PRACH transmissions, from RAN2 perspective, when the UE initiating RA with MSG1 repetition, the UE should select the PRACH resources based on the SSB-RSRP and configured threshold(s). Otherwise, the UE has no idea which PRACH resource should be selected. The details can be further discussed. 
	Agreement
· For multiple PRACH transmissions with same Tx beam, at least SSB-RSRP threshold(s) are used to determine the number of PRACH transmissions at least for the first RACH attempt.
· Note: whether to support multiple numbers of PRACH transmissions is separately discussed.
Agreement
For multiple PRACH transmissions with same Tx beam, gNB can configure one or multiple values for the number of multiple PRACH transmissions.
· If multiple values are configured, PRACH resources differentiation between multiple PRACH transmissions with different number of multiple PRACH transmissions is supported.
· FFS: details

Agreement
· Support {2, 4, 8} for the number of multiple PRACH transmissions with same Tx beams.


RAN2 assumes that multiple SSB-RSRP threshold(s) can be configured corresponding to different PRACH resources, which are used to differentiate between different MSG1 repetition numbers, which can be further checked by RAN1.
For a dedicated BWP configured with only R18 CE RA resources, the threshold(s) are not configured, and the UE can only trigger R18 CE RA on this BWP.
The UE determines whether to initiate RA with MSG1 repetition with a particular repetition number is based on SSB-RSRP and configured threshold(s) for R18 CE. 
2.3.2 CE RA type switch
For R17 CE, once RA with MSG3 repetition is selected, the UE will continue selecting the RA resource set for MSG3 repetition in the same RA procedure for both initial preamble transmission attempt and subsequent preamble retransmission attempt until RA failure (the preamble retransmission reaches the maximum) and switch to non-CE RA is not allowed. For R18 CE, it would make more sense on the same principles should be reused, e.g. fallback to either non-CE RA or CE RA with MSG3 repetition is not supported.
Once CE RA with MSG1 repetition is determined, the UE will continue selecting the RA resource set for MSG1 repetition in the same RA procedure until RA failure, i.e. RA type switch to either non-CE RA or CE RA with MSG3 repetition is not supported.
2.3.3 RA timer handling
In RA the starting of ra-ResponseWindow and ra-ContentionResolutionTimer depends on the MSG1 and MSG3 transmission, respectively.
[bookmark: OLE_LINK3]In R17 CE with MSG3 repetition, there was some discussion on when UE starts the ra-ContentionResolutionTimer for MSG3 repetition and the following is captured in TS38.321, i.e. starts this timer after the end of MSG3 repetitions.
	[bookmark: _Toc37296183][bookmark: _Toc46490309][bookmark: _Toc52752004][bookmark: _Toc52796466][bookmark: _Toc124525391]5.1.5	Contention Resolution
Once Msg3 is transmitted the MAC entity shall:
1>	if the Msg3 transmission (i.e. initial transmission or HARQ retransmission) is scheduled with Type A PUSCH repetition:
2>	if Msg3 is transmitted on a non-terrestrial network:
3>	start or restart the ra-ContentionResolutionTimer in the first symbol after the end of all repetitions of the Msg3 transmission plus the UE-gNB RTT.
2>	else:
[bookmark: OLE_LINK4]3>	start or restart the ra-ContentionResolutionTimer in the first symbol after the end of all repetitions of the Msg3 transmission.


For R18 CE, the question on when to start a RA timer is quite similar with ra-ContentionResolutionTimer on ra-ResponseWindow. We prefer the similar starting point as ra-ContentionResolutionTimer, i.e. in the first symbol after the end of all repetition. If this timer starts at the starting of all repetition of MSG1, the ra-ResponseWindow may expire before the last repetition of MSG1, which will result in RAR missing. However, by extending the length of ra-ResponseWindow, more technical problems will occur which will increase the complexity and not desirable.
RAN2 assumes that the UE starts or restarts ra-ResponseWindow in the first symbol after the end of all repetitions of the MSG1 transmission.
2.3.4 RA-RNTI calculation
Normally in TS 38.321, the following formula is used for calculating the RA-RNTI for RA without preamble repetition.
	The RA-RNTI associated with the PRACH occasion in which the Random Access Preamble is transmitted, is computed as:
	RA-RNTI = 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id
where s_id is the index of the first OFDM symbol of the PRACH occasion (0 ≤ s_id < 14), t_id is the index of the first slot of the PRACH occasion in a system frame (0 ≤ t_id < 80), where the subcarrier spacing to determine t_id is based on the value of μ specified in clause 5.3.2 in TS 38.211 [8] for μ = {0, 1, 2, 3}, and for μ = {5, 6}, t_id is the index of the 120 kHz slot in a system frame that contains the PRACH occasion (0 ≤ t_id < 80), f_id is the index of the PRACH occasion in the frequency domain (0 ≤ f_id < 8), and ul_carrier_id is the UL carrier used for Random Access Preamble transmission (0 for NUL carrier, and 1 for SUL carrier).


Based on the above, the RA-RNTI depends the single RO selected for Preamble. On the other hand, for R18 CE RAN1 was agree a “RO group” term for transmitting the MSG1 repetition and only one RAR window is used after MSG1 repetition. It is still open on using which RO inside a RO group for determining the RA-RNTI for RAR reception after MSG1 repetition. For now, we think RAN2 should just wait for RAN1 progress.
On determining RA-RNTI with MSG1 repetition, RAN2 waits for RAN1 progress. 
2.3.5 Power Ramping
Currently UE will increase PREAMBLE_POWER_RAMPING_COUNTER by one for ramping the power for every preamble retransmission until reaching the maximum power as shown below.
	[bookmark: _Toc37296179][bookmark: _Toc46490305][bookmark: _Toc52752000][bookmark: _Toc52796462][bookmark: _Toc124525387]5.1.3	Random Access Preamble transmission
The MAC entity shall, for each Random Access Preamble:
1>	if PREAMBLE_TRANSMISSION_COUNTER is greater than one; and
1>	if the notification of suspending power ramping counter has not been received from lower layers; and
1>	if LBT failure indication was not received from lower layers for the last Random Access Preamble transmission; and
1>	if SSB or CSI-RS selected is not changed from the selection in the last Random Access Preamble transmission:
2>	increment PREAMBLE_POWER_RAMPING_COUNTER by 1.
1>	select the value of DELTA_PREAMBLE according to clause 7.3;
1>	set PREAMBLE_RECEIVED_TARGET_POWER to preambleReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_POWER_RAMPING_COUNTER – 1) × PREAMBLE_POWER_RAMPING_STEP + POWER_OFFSET_2STEP_RA;


On the other hand, for MSG1 repetition, RAN1 agreed the following on power ramping.
	Agreement
For multiple PRACH transmissions with same Tx beam in one RACH attempt, transmission power ramping is not applied within one RACH attempt.


Based on the above agreement it is reasonable to assume the UE will increase PREAMBLE_POWER_RAMPING_COUNTER by one only for bundle retransmission of MSG1 repetition, i.e. UE does not increase PREAMBLE_POWER_RAMPING_COUNTER by one within a bundle of MSG1 repetition.
On determining the PREAMBLE_RECEIVED_TARGET_POWER, it recalled that in R16 2-step RA, an offset variable POWER_OFFSET_2STEP_RA was agreed by RAN1 to reflect the power ramping for 2-step RA on top of 4-step RA.  For MSG1 repetition, with the introduction of multiple MSG1 transmission, how to calculate the PREAMBLE_RECEIVED_TARGET_POWER for each RACH attempt may need RAN1 further discussion, e.g. whether to introduce an offset similar to 2-step RA or a repetition number-relevant offset similar to LTE eMTC. 
From MAC perspective, the UE will only increase PREAMBLE_POWER_RAMPING_COUNTER by one for a bundle of MSG1 repetition, i.e. UE does not increase PREAMBLE_POWER_RAMPING_COUNTER by one for each MSG1 transmission within a bundle of MSG1 repetition.
How to calculate the PREAMBLE_RECEIVED_TARGET_POWER for MSG1 repetition needs further RAN1 inputs.
2.4 MSG3 repetition coexistence
When gNB configures separate RA resources for MSG1 repetition, whether and how RA resources for R17 MSG3 repetitions can be configured simultaneously needs discussions. From network implementation view, we don't see any need to restrict any one feature from the other. When the UE is on the cell edge, MSG1 and MSG3 transmission should be both repeated to boost the UL performance. However, it would involve more issues to address, how to determine the RA type among MSG1 repetition, or MSG3 repetition or both, and in case of MSG1 repetition, whether MSG3 repetition feature, i.e. indication by RAR UL grant or Temporary C-RNTI needs to be automatically enabled with R18 CE RA. For the sake of alignment, we think it can be checked by RAN1.
RAN2 assumes that both PRACH resources of MSG1 repetition and MSG3 repetition can be configured simultaneously and the UE, and the relevant procedure of co-existence can be FFS, which can be further checked by RAN1 via LS.
In the annex, we provide a draft LS to RAN1 by indicating our proposals and questions for RAN1.
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]3. Conclusion
[bookmark: OLE_LINK7]Based on the discussion in this paper, we propose the following:
1. RAN2 assumes that MSG1 repetition can be applicable to all 4-step CBRA procedures. 
Proposal 1: RAN2 assumes that CFRA with MSG1 repetition is with low priority and pending to RAN1.
Proposal 2: RAN2 aims to reuse the R17 RA partitioning framework for R18 MSG1 repetition as much as possible. 
Proposal 3: RAN2 assumes that multiple SSB-RSRP threshold(s) can be configured corresponding to different PRACH resources, which are used to differentiate between different MSG1 repetition numbers, which can be further checked by RAN1.
Proposal 4: For a dedicated BWP configured with only R18 CE RA resources, the threshold(s) are not configured, and the UE can only trigger R18 CE RA on this BWP.
Proposal 5: The UE determines whether to initiate RA with MSG1 repetition with a particular repetition number is based on SSB-RSRP and configured threshold(s) for R18 CE. 
Proposal 6: Once CE RA with MSG1 repetition is selected, the UE will continue selecting the RA resource set for MSG1 repetition in the same RA procedure until RA failure, i.e. RA type switch to either non-CE RA or CE RA with MSG3 repetition is not supported.
Proposal 7: RAN2 assumes that the UE starts or restarts ra-ResponseWindow in the first symbol after the end of all repetitions of the MSG1 transmission.
Proposal 8: On determining RA-RNTI with MSG1 repetition, RAN2 waits for RAN1 progress. 
From MAC perspective, the UE will only increase PREAMBLE_POWER_RAMPING_COUNTER by one for a bundle of MSG1 repetition, i.e. UE does not increase PREAMBLE_POWER_RAMPING_COUNTER by one for each MSG1 transmission within a bundle of MSG1 repetition.
How to calculate the PREAMBLE_RECEIVED_TARGET_POWER for MSG1 repetition needs further RAN1 inputs.
Proposal 9: RAN2 assumes that both PRACH resources of MSG1 repetition and MSG3 repetition can be configured simultaneously and the UE, and the relevant procedure of co-existence can be FFS, which can be further checked by RAN1.
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Attachments:	
1	Overall description
RAN2 discussed RAN2 impacts of PRACH coverage enhancement with the following agreements and also some checking points are identified. 
	RAN2 assumes that MSG1 repetition can be applicable to all 4-step CBRA procedures. 
RAN2 assumes that CFRA with MSG1 repetition is with low priority and pending to RAN1.
RAN2 aims to reuse the R17 RA partitioning framework for R18 MSG1 repetition as much as possible. 
[bookmark: _GoBack]RAN2 assumes that multiple SSB-RSRP threshold(s) can be configured corresponding to different PRACH resources, which are used to differentiate between different MSG1 repetition numbers, which can be further checked by RAN1.
For a dedicated BWP configured with only R18 CE RA resources, the threshold(s) are not configured and the UE can only trigger R18 CE RA on this BWP.
The UE determines whether to initiate RA with MSG1 repetition with a particular repetition number is based on SSB-RSRP and configured threshold(s) for R18 CE. 
Once CE RA with MSG1 repetition is determined, the UE will continue selecting the RA resource set for MSG1 repetition in the same RA procedure until RA failure, i.e. RA type switch to either non-CE RA or CE RA with MSG3 repetition is not supported.
RAN2 assumes that the UE starts or restarts ra-ResponseWindow in the first symbol after the end of all repetitions of the MSG1 transmission.
On determining RA-RNTI with MSG1 repetition, RAN2 waits for RAN1 progress. 
From MAC perspective, the UE will increase PREAMBLE_POWER_RAMPING_COUNTER by one only for bundle retransmission of MSG1 repetition, i.e. UE does not increase PREAMBLE_POWER_RAMPING_COUNTER by one within a bundle of MSG1 repetition.
How to calculate the PREAMBLE_RECEIVED_TARGET_POWER for MSG1 repetition needs further RAN1 inputs.
RAN2 assumes that both PRACH resources of MSG1 repetition and MSG3 repetition can be configured simultaneously and the UE, and the relevant procedure of co-existence can be FFS, which can be further checked by RAN1.



2	Actions
To 3GPP RAN1
ACTION: 	RAN2 respectfully asks RAN1 to take the above information into consideration and provide feedback on the checking points.

3	Dates of next RAN2 meetings
Updated meeting schedule can be found at: https://portal.3gpp.org/?tbid=373&SubTB=381#/ 
RAN2#122		2023-05-22 - 2023-05-26		Korea, KR
[bookmark: _Toc423020280]RAN2#123		2023-08-21 - 2023-08-25		Toulouse, FR
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