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1	Introduction
In RAN4#85, the TP for RRM requirement on random access was endorsed and captured in Dec. version of NSA specification. Considering the progress in both RAN1 and RAN2, some further updates are expected, and furthermore, the expected revision should also consider SA operation. 
In our accompanying CR [2], the expected changes to TS 38.133 is also provided for endorsement. 

2 Discussion
2.1 Expected Changes due to Standalone Operation
In the process of defining requirement for random access in TS 38.133 v15.0.0 in Reno meeting, the requirement for RA procedure on PCell is not completed because of the priority on EN-DC by December. With NR Standalone operation considered, the requirement for RA procedure on PCell should be added accordingly. 
For the requirement for random access procedure on SCell, it is also not included because there is no NR UL CA use case confirmed by December, and the status is also aligned with the UE timing requirements part which is defined only for one NR TAG. Considering this status is not yet changed based on operators’ request for 2UL CA band combinations, we expect no changes needed for RA procedure on SCell. Further improvement is expected if the use case of NR UL CA with multiple NR TAGs is confirmed in the future.
Proposal 1: Define RRM requirement for random access procedure on PCell, while no changes expected for random access on SCell because the use case of NR UL CA with multiple NR TAGs is not yet confirmed. 

2.2 Contention Free RA for Beam Failure Recovery
As part of beam management mechanism, UE could use contention-free random access procedure for beam failure recovery purpose. Specifically, the UE will be configured with periodic CSI-RS resource or SS/PBCH block as the beam failure monitoring RS, and the beam failure detection metric is consecutive N PDCCH hypothetical BLER > threshold. After beam failure is detected (which could be due to UE movement/rotation and/or instant blockage for the serving beam), beam failure recovery request will be performed over the contention-free UE-specific PRACH channel (resources/preambles). 
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Figure-1. Illustration of beam failure recovery

The detailed procedure is defined in TS38.321, which is captured below for random access procedure initialization firstly: 
	5.1.1 Random Access procedure initialization
The Random Access procedure described in this subclause is initiated by a PDCCH order, by the MAC entity itself, by beam failure indication from lower layer, or by RRC for the events in accordance with TS 38.300 [2]. There is only one Random Access procedure ongoing at any point in time in a MAC entity.
…
RRC configures the following parameters for the Random Access procedure:
…
-	the set of Random Access Preambles for beam failure recovery request and corresponding PRACH resource(s), if any;
…
-	bfr-ResponseWindow: the time window to monitor response(s) on beam failure recovery request;



And then it is the part newly defined for beam failure recovery in Random Access Resource selection
	5.1.2 Random Access Resource selection
The MAC entity shall:
1>	if the Random Access procedure was initiated by a beam failure indication from lower layer; and
1>	if the contention free PRACH resources for beam failure recovery request associated with any of the SS blocks and/or CSI-RSs have been explicitly provided by RRC; and
1>	if at least one of the SS blocks with SS-RSRP above rsrp-ThresholdSSB amongst the associated SS blocks or the CSI-RSs with CSI-RSRP above csirs-dedicatedRACH-Threshold amongst the associated CSI-RSs is available:
2>	select an SS block with SS-RSRP above rsrp-ThresholdSSB amongst the associated SS blocks or a CSI-RS with CSI-RSRP above csirs-dedicatedRACH-Threshold amongst the associated CSI-RSs;
2>	set the PREAMBLE_INDEX to a ra-PreambleIndex corresponding to the selected SS block or CSI-RS from the set of Random Access Preambles for beam failure recovery request.
…
1>	if an SS block is selected above and an association between PRACH occasions and SS blocks is configured:
2>	determine the next available PRACH occasion from the PRACH occasions corresponding to the selected SS block.
1>	else if a CSI-RS is selected above and an association between PRACH occasions and CSI-RSs is configured:
2>	determine the next available PRACH occasion from the PRACH occasions corresponding to the selected CSI-RS.
1>	else:
2>	determine the next available PRACH occasion.
1>	perform the Random Access Preamble transmission procedure (see subclause 5.1.3).



While no explicit procedure for Random Access Preamble transmission is related to beam failure recovery, related procedure for Random Access Response Reception is captured below:
	5.1.4 Random Access Response reception
Once the Random Access Preamble is transmitted and regardless of the possible occurrence of a measurement gap, the MAC entity shall:
…
1>	else if the contention free Random Access Preamble for beam failure recovery request was transmitted by the MAC entity:
2>	start the bfr-ResponseWindow at the start of the first PDCCH occasion after a fixed duration of X symbols (specified in TS 38.213 [6]) from the end of the preamble transmission;
2>	monitor the PDCCH of the SpCell for response to beam failure recovery request identified by the C-RNTI while bfr-ResponseWindow is running.
…
1>	if PDCCH transmission is addressed to the C-RNTI; and
1>	if the contention free Random Access Preamble for beam failure recovery request was transmitted by the MAC entity:
2>	consider the Random Access procedure successfully completed.
…
1>	if bfr-ResponseWindow expires and if the PDCCH addressed to the C-RNTI has not been received:
2>	consider the Random Access Response reception not successful;
2>	increment PREAMBLE_TRANSMISSION_COUNTER by 1;
2>	if PREAMBLE_TRANSMISSION_COUNTER = ra-PreambleTx-Max + 1:
3>	if the Random Access Preamble is transmitted on the SpCell:
4>	indicate a Random Access problem to upper layers.
3>	else if the Random Access Preamble is transmitted on a SCell:
4>	consider the Random Access procedure unsuccessfully completed.
…



Since the beam failure recovery only triggers contention-free random access, which means no explicit changes to the remaining procedure for Contention Resolution. 
Proposal 2: Define RRM requirement for contention free random access for beam failure recovery purpose. 

2.3 CSI-RS based Contention Free RA
Beside CSI-RS based contention free random access which is intended for beam failure recovery, CSI-RS can also be configured as the RS for contention free random access for other purposes. The general procedure for CSI-RS based RA is similar to SSB-based one, except the necessary configuration for the contention free PRACH resources associated with CSI-RS, and the RSRP threshold for the selection of the SS block and corresponding PRACH resource csirs-dedicatedRACH-Threshold. 
The detailed change reflected in TS 38.321 is captured below: 
	5.1.1 Random Access procedure initialization
RRC configures the following parameters for the Random Access procedure:
…
-	rsrp-ThresholdSSB, csirs-dedicatedRACH-Threshold, and sul-RSRP-Threshold: an RSRP threshold for the selection of the SS block and corresponding PRACH resource;
…
5.1.2	Random Access Resource selection
The MAC entity shall:
…
1>	else if the contention free PRACH resources associated with CSI-RSs have been explicitly provided by RRC and at least one CSI-RS with CSI-RSRP above csirs-dedicatedRACH-Threshold amongst the associated CSI-RSs is available:
2>	select a CSI-RS with CSI-RSRP above csirs-dedicatedRACH-Threshold amongst the associated CSI-RSs;
2>	set the PREAMBLE_INDEX to a ra-PreambleIndex corresponding to the selected CSI-RS.
…
1>	if an SS block is selected above and an association between PRACH occasions and SS blocks is configured:
2>	determine the next available PRACH occasion from the PRACH occasions corresponding to the selected SS block.
1>	else if a CSI-RS is selected above and an association between PRACH occasions and CSI-RSs is configured:
2>	determine the next available PRACH occasion from the PRACH occasions corresponding to the selected CSI-RS.
1>	else:
2>	determine the next available PRACH occasion.
1>	perform the Random Access Preamble transmission procedure (see subclause 5.1.3).



Proposal 3: Define RRM requirement for contention free CSI-RS based random access for purpose other than beam failure recovery. 

2.4 Multiple Preamble Transmission
Based on RAN1 agreement, for single/multi-beam operation, the following multiple/repeated RACH preamble transmission is at least supported: CP is inserted at the beginning of the consecutive multiple/repeated RACH OFDM symbols, CP/GT between RACH symbols is omitted and GT is reserved at the end of the consecutive multiple/repeated RACH symbols. By employing the multiple preamble transmission, the selection of TX beam for Msg.2 can be performed regardless of whether Tx/Rx beam correspondence is available or not at gNB. 
As specified in TS 38.321, the following parts are related to “multiple preamble transmission”:
	5.1.4 Random Access Response reception
Once the Random Access Preamble is transmitted and regardless of the possible occurrence of a measurement gap, the MAC entity shall:
Once the Random Access Preamble is transmitted and regardless of the possible occurrence of a measurement gap, the MAC entity shall:
1>	if 'multiple preamble transmission' has been signalled:
2>	start the ra-ResponseWindow at the start of the first PDCCH occasion after a fixed duration of X symbols (specified in TS 38.213 [6]) from the end of the first preamble transmission;
2>	monitor the PDCCH of the SpCell for Random Access Response(s) identified by the RA-RNTI(s) while ra-ResponseWindow is running.
…
1>	else if a downlink assignment has been received on the PDCCH for the RA-RNTI and the received TB is successfully decoded:
…
2>	if the Random Access Response contains a Random Access Preamble identifier corresponding to the transmitted PREAMBLE_INDEX (see subclause 5.1.3):
3>	consider this Random Access Response reception successful.
2>	if the Random Access Response reception is considered successful:
3>	if the Random Access Response includes RAPID only:
…
3>	else:
4>	if 'multiple preamble transmission' has been signalled:
5>	stop transmitting remaining preambles, if any.
…



Proposal 4: Incorporate necessary change to RRM requirement due to the introduced multiple preamble transmission. 

3 Conclusion
In this paper, we give the summary on the further RAN1 and RAN2 progress on random access, while provides the views for the corresponding impact on RAN4 RRM specification, with the following proposals provided: 
Proposal 1: Define RRM requirement for random access procedure on PCell, while no changes expected for random access on SCell because the use case of NR UL CA with multiple NR TAGs is not yet confirmed. 
Proposal 2: Define RRM requirement for contention free random access for beam failure recovery purpose. 
Proposal 3: Define RRM requirement for contention free CSI-RS based random access for purpose other than beam failure recovery. 
Proposal 4: Incorporate necessary change to RRM requirement due to the introduced multiple preamble transmission. 
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