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1	Introduction
This paper addresses msgB and msgA transmission, retransmission and the possibility to apply HARQ combining for 2-step RA.
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2.1	2-step Random Access
The 2-step RA is assumed to give much shorter latency than the ordinary 4-step RA. In the 2 step RA, the preamble (transmitted on PRACH) and a message corresponding to Message 3 (transmitted on PUSCH) in the 4 step RA are transmitted in the same or in two subsequent sub frames. The first message in the 2-step procedure is denoted Message A (msgA). The 2-step procedure is depicted in Figure 1. In the 4-step procedure, the gNB the grant for Message 3 is linked to a particular preamble and PRACH resource. The same kind of mapping will be needed in the 2-step procedure. For all different preamble ids that have been configured for the 2-step, there must be a mapping to a particular PUSCH resource. Upon successful reception of msgA (i.e. both the preamble and PUSCH), the gNB will respond with a msgB. Details are still being discussed but it would typically contain TA (which by assumption should not be needed or just give very minor updates) and a CR id for contention resolution.
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In case the UE does not receive a msgB, it would re-try with a new msgA, similar to the action taken by the UE which does not receive a RAR in the 4-step procedure.
When a successful reception of msgA with a corresponding msgB is transmitted, it is interesting to consider applying HARQ for msgB. By this, fall-back or reattempts (i.e. a repeated preamble + msgA PUSCH transmission) from the start of the 2-step procedure can be avoided. This would be given if the UE have a higher likelihood of successful reception of msgB through that the UE can combine msgB data for the same HARQ process. This would also result in avoiding additional latency and overhead in multiple transmissions of a successfully received msgA. In the 4-step procedure, HARQ retransmissions are possible for Message 3 and Message 4.
2.2	HARQ operation of msgB
For applying HARQ for msgB we need to consider two main cases used for msgB contention resolution:
1) The 2-step RA is triggered by UE in RRC connected. The UE has a C-RNTI and after successful decoding of a msgA_PUSCH, the gNB can transmit msgB using PDCCH scrambled with C-RNTI. The unsuccessful cases are not considered here, i.e. when the gNB responds with a FallbackRAR or Back off.
2) The 2-step RA is triggered by a UE in RRC Idle or RRC Inactive. Note that, in this case, a response message currently can be either be sent individually to a single UE, or a multiplexed response to several UEs. In here, the interesting case for applying HARQ is the single UE msgB response. For contention resolution, the UE Id used for scrambling is based on e.g. the recived msgA CCCH SDU (RRC message).

For the above cases, the first one is rather straightforward as msgB PDUs can be retransmitted after which the UE can perform combining with a previous transmission through HARQ. Only when successful msgB decoding a HARQ-ACK is sent on PUCCH. This procedure is not very different from DL SCH transmission for where a dedicated PUCCH resource configuration is used for HARQ feedback. The second case can be handled such that, for the single UE response case, the PDCCH for msgB has to be scrambled with a UE specific Id. This can be possible using the received msgA contained UE Id, for instance derived from the RRC message (CCCH SDU) contained in MsgA which is also used for contention resolution. Since the C-RNTI is two bytes, it may be sufficient to also use the first two bytes of the RRC message for scrambling as described in [1]. Note that as the msgB is not successfully decoded at this point in time, a UE Contention Resolution Id MAC CE in the msgB PDU payload cannot be used.
For cases when msgB is a multiplexed response to multiple UEs, a straightforward way of achieving a higher decoding success rate would be to have repeated msgB (re)transmissions within the msgB window using a common RNTI, but HARQ retransmissions to possible multiple receiving UEs would not be efficient.
The details on HARQ signaling itself, such as formats and PUCCH resources etc, is proposed to be left for RAN1 to discuss and determine.
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RNTI design can accommodate msgB HARQ retransmissions for RRC Inactive and RRC Idle UEs.
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2.3	HARQ Operation for msgA
For msgA, it is required to determine the preamble ID and PUSCH occasion when msgA is retransmitted. This may depend on whether a dynamic grant for msgA PUSCH (even the preamble part) or a reserved msgA PUSCH resource should be used.
Unlike the msg1 re-transmissions that are one-shot in nature, the msgA resources (at least msgA PUSCH resources) used in the retransmissions of one UE need to be known by the gNB in order to perform soft combining between different transmission and retransmissions. Alternatively, and if soft combining is not required for the msgA PUSCH retransmission, then each msgA PUSCH retransmission can be treated as a reattempt or retransmission which can be independent from each other. 
Currently, and as described in 2.1, this is assumed in RAN2 - i.e that the UE retries on 2-step RACH; likely for a max number of attempts similar to in the legacy 4-step RA procedure.
If the msgA PUSCH retransmission requires soft combining, then the gNB needs to know whether a transmission is a retransmission and also the retransmission instance. One way may be to reserve some preambles for the retransmissions. This will reduce the number of preambles that can be used for the initial msgA (and possibly msg1) transmissions. Another option could be to reserve the PO resources for msgA PUSCH retransmissions which also increase the PO resource overhead. Considering that these suggested solution examples impact both complexity and resource usage, including also the thought power ramping aspects for preamble PUSCH transmission used, pure msgA reattempt may be preferred.
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In above sections, we made the following observations:
1. HARQ operation for msgB has benefits in latency, load and overhead.
msgB HARQ combining for RRC connected UEs is straight-forward.
RNTI design can accommodate msgB HARQ retransmissions for RRC Inactive and RRC Idle UEs.
Based on the discussion in the previous sections we propose the following:
Proposal 1	From a RAN2 p.o.v, HARQ combining of msgB to a single UE in 2-step RA is beneficial and should be supported.
Proposal 2	Support msgA PUSCH retransmissions/reattempts without HARQ combining considering the complexity and resource overhead of msgA PUSCH reception.
[bookmark: _In-sequence_SDU_delivery] 
	4/4	
image1.png
UE

Preamble

gNB

msgA PUSCH

msgA {

TA, C-RNTI, CR-id

msgB





