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At the RAN#82 Plenary, a new WID on 2-step RACH for NR has been approved. A number of objectives in [1] are listed below.
	2-step RACH [RAN1, RAN2]
· 2-step RACH shall be able operate regardless of whether the UE has valid TA or not.
· 2-step RACH is applicable to any cell size supported in Rel-15 NR;
· 2-step RACH is applied for RRC_INACTIVE , RRC_CONNECTED and RRC_IDLE state
· Specify contention-based 2-step RACH procedure (RAN2)
· Channel structure of msgA is Preamble and PUSCH carrying payload (RAN1)
· Only reuse the Rel-15 NR PRACH Preambles design. 
· Only reuse the Rel-15 NR PUSCH including Rel-15 DMRS for transmission of payload of msgA)
· No new CP length and no sub-PRB guard subcarrier(s)
Note 1: The above sub-bullet is to ensure that signal structure optimizations for any specific cell size (e.g. cells with RTT larger than Rel-15 PUSCH CP duration) are not pursued.
· Specify the mapping between the PRACH preamble and the time-frequency resource of PUSCH in msgA+ DMRS
· PRACH Preamble and PUSCH in a msgA is TDMed
· Specify the supported MCS(s) and time-frequency resource size(s) of PUSCH in msgA
· Consider the msgA payload contents determined by RAN2
· Specify power control of PUSCH of msgA
· Specify msgA’s content: to include the equivalent contents of msg3 of 4-step RACH (RAN2/RAN1)
· Inclusion of UCI in msgA is not precluded
· Specify msgB’s content: to include the equivalent contents of msg2 and msg4 of 4-step RACH (RAN1/RAN2)
· Contention resolution for 2-step RACH (RAN2)
· Design of RNTI for msgB of 2-step RACH (RAN2)
· Specify the fall back procedure from 2-step RACH to 4-step RACH (RAN2/RAN1)
· All triggers for Rel-15 NR 4-step RACH are applied for 2-step RACH except for SI Request and BFR which are up to RAN2 discussion
· No new triggers for 2 step RACH
Note 2: UP data transmission in RRC_IDLE and RRC_INACTIVE state is not in the scope. UP data transmission in RRC_CONNECTED mode as in Rel-15 NR is supported. 


In this contribution, we would like to provide our consideration on the 2-step RACH procedure in terms of selection between 2-step RACH and 4-step RACH, contents and payload sizes of MsgA and MsgB, fallback mechanism, HARQ operation and some other related issues.
Discussion 
From RAN2 perspective, a basic model of 2-step RACH procedure is that MsgA is a combination of Msg1 and Msg3 and the MsgB consists of Msg2 and Msg4. More specifically, MsgA contains RACH preamble and uplink data (e.g., RRC message, C-RNTI MAC CE, BSR MAC CE, UP data of small size). Both MAC RAR and UE contention resolution identity MAC CE may be included in MsgB. Based on this consideration, a basic model of 2-step RACH procedure is shown in the Figure 1 below. 


Figure 1: A basic model of 2-step RACH procedure
Initial Selection between 2-step RACH and 4-step RACH
Refer to Figure 1, it seems possible that both 2-step RACH configuration and 4-step RACH configuration are available for a SpCell. Consequently, a UE could receive both configurations via system information. In such scenario, the UE may be confused about which type of RACH should be initiated, because 2-step RACH procedure is also applicable to almost all trigger events for 4-step RACH and any cell size is also supported. 
For idle/inactive UE, it seems reasonable to initiate either 2-step RACH or 4-step RACH by UE implementation. On one hand, prior information (e.g., channel state information) of a UE is not available at gNB side. It is difficult to determine which type of RACH procedure is more beneficial for the UE. On another hand, it is obvious that UE-specific signaling cannot be transmitted to idle/inactive UE.   
For RRC connected UE, it is feasible for gNB to instruct UE to perform a specific type of RACH procedure. Besides, it can also up to UE implementation to determine the selection with potential assistance information scheduled by the gNB.
Proposal 1: It can be up to UE implementation or network implementation to determine the initial selection between 2-step RACH and 4-step RACH. 
Considerations on MsgA
Contents and payload size of MsgA
As it has already been agreed that MsgA includes equivalent information transmitted in Msg3 and UP data, it is clear and conclude that the following contents may be transmitted by MsgA: 
1) UL-CCCH RRC message, e.g., RRCSetupRequest, RRCReestablishmentRequest;
2) UL-DCCH RRC message, e.g., RRCReconfigurationComplete;
3) MAC CE, e.g., C-RNTI MAC CE, BSR MAC CE, and PHR MAC CE;
4) UL data of RRC connected UE. 
Since all UL-CCCH RRC messages are transmitted in RLC TM mode, the minimum payload size of MsgA is supposed to be 56 bits or 72 bits based on the triggered condition, as the same as the minimum size of MAC PDU for initial access in NR.
Observation 1: From RAN2 perspective, the minimum payload size of MsgA can be 56 bits or 72 bits.
Uplink grant size for MsgA
In NR, preambles for 4-step RACH can be divided into two groups: Group A and Group B. If the size of a MAC PDU consisting of CCCH SDU is greater than a threshold, the MAC entity of UE will select Random Access Preambles group B for RACH procedure. Then if the gNB has successfully detect a preamble form Group B, it will reserve a grant of larger size for this UE. The motivation is to increase spectrum efficiency, since the gNB is able to know how much resource should be scheduled for Msg3 via detecting preamble.
Based on the trigger event and the size of potential UP data of RRC connected UE, the payload size can range from 56 bits to several hundred bits. In this sense, a similar method, like preamble differentiation between Group A and Group B in 4-step RACH, is needed for 2-step RACH procedure. Fortunately, a mapping relation between preamble and PUSCH resource has already been discussed in RAN1, we consider that an enhanced mechanism of preamble differentiation should be introduced for uplink grant size selection. For example, if the payload size of MsgA is larger than a pre-configured threshold and the pathloss is small, then the UE will select a preamble among a specific Preamble Group. The preambles belonging to this group are associated with a grant of large size. Besides, a uniform grant size should be allocated for the same Preamble Group. 
Observation 2: Supporting different uplink grant sizes of PUSCH for MsgA will help to increase spectrum efficiency since the payload size of MsgA varies largely.   
Proposal 2: If preamble differentiation for 2-step RACH is configured, UE is able to select the Preamble Group based on the payload size of MsgA.
Proposal 3: For each preamble belonging to the same Preamble Group, the corresponding uplink grant is of the same size.  
HARQ operation of MsgA
In NR, each HARQ process is associated with a HARQ process identifier. HARQ process identifier 0 is used for UL transmission scheduled by the RAR UL grant. Similarly, we think HARQ process identifier 0 can be used for PUSCH of MsgA.
Proposal 4: HARQ process identifier 0 is used for MsgA transmission. 
For 4-step RACH, two UEs who have transmitted the same preamble on the same PRACH occasion will transmit Msg3 on the same PUSCH resource scheduled by RAR. Consequently, collision among multiple UEs makes the PUSCH unreliable. In this sense, HARQ retransmission is supported for Msg3 because soft combining is beneficial for decoding Msg3 at gNB side. 
For 2-step RACH procedure, PUSCH could be more unreliable. On one hand, the collision probability of the PUSCH resource for MsgA could be higher than that in 4-step RACH. On another hand, valid TA might be not available at PUSCH transmission. In the case that the preamble of MsgA can be detected while the payload of MsgA cannot be decoded successfully, we think it is more reasonable to fall back from 2-step RACH to 4-step RACH to transmit Msg3, rather than retransmitting MsgA. 
Based on the analysis above, we consider that the HARQ retransmission is not supported for MsgA. This also helps to simplify the 2-step RACH procedure. 
Proposal 5: RAN2 is kindly requested to confirm that HARQ retransmission is not supported for MsgA.
UE identifier for contention resolution
In NR, a UE identity used for contention resolution is included in either RRC message or C-RNTI MAC CE.  
Since the UE identity used in 4-step RACH is approved to be assembled in MsgA, we further consider the UE identity used for contention resolution in 4-step RACH procedure can be reused as UE identifier for contention resolution in 2-step RACH. For example, in the case of RRC connected mode e.g. handover, beam failure recovery, and DL/UL data arrival during RRC_CONNECTED when UL synchronisation status is "non-synchronised", the C-RNTI MAC CE included in MsgA can be regarded as the UE identifier.
Proposal 6: UE identity in Msg3 (i.e., C-RNTI, resume ID, 39 MSB of ng-5g-s-TMSI, and random value of 39 bits) used for contention resolution in 4-step RACH can be reused in MsgA for 2-step RACH procedure.  
Considerations on MsgB
Contents of MsgB
According to the WID, equivalent contents of Msg2 and Msg4 in 4-step RACH can be included in MsgB.In other words, the following contents may be transmitted in MsgB:
1) DL-CCCH RRC message, e.g., RRCSetup;
2) UL-DCCH RRC message, e.g., RRCReconfiguration, RRCReestablishment;
3) MAC RAR, i.e., TA command, RAR uplink grant, BI indicator, RAPID, and T C-RNTI; 
4) MAC CE, e.g., UE contention resolution identity MAC CE;
5) PDCCH addressed to the C-RNTI, optionally with an uplink grant for new transmission. 
For 2-step RACH trigger by initiate access and transition from RRC_inactive, if both preamble and PUSCH of MsgA are detected and successfully decoded at gNB side, the gNB will generally carry at least T C-RNTI and UE contention resolution identity MAC CE in MsgB. However, according to the MAC PDU format described in the current TS 38.321 as quoted in the Annex A, T C-RNTI field in MAC RAR and UE contention resolution identity MAC CE cannot be assembled together in a MAC PDU. Hence, we have the following observation and proposal. 
Observation 3: MAC RAR and MAC CE cannot be placed together in the same MAC PDU.        
Proposal 7: RAN2 is kindly requested to discuss whether and how to multiplex MAC RAR and UE contention resolution identity MAC CE in MsgB for 2-step RACH.
HARQ operation of MsgB
Similarly to 4-step RACH, if a C-RNTI MAC CE is not included in MsgA, we consider that gNB will schedule MsgB via PDCCH addressed to RA-RNTI. Due to PRACH occasion collision, multiple UEs will monitor PDCCH identified by the RA-RNTI simultaneously. As a result, some UEs may successfully decode the received TB while some UEs do not because of bad channel condition. In such scenario, if HARQ retransmission is supported for MsgB, it may be difficult for the gNB to decide whether the MsgB should be retransmitted or not as both ACK and NACK is feedback. And retransmitting the MsgB in a group broadcast manner leads to more resource overhead. What’s worse, HARQ retransmission will increase additional assess delay and inevitable complexity in NR-U scenario, which is one major use case for 2-step RACH procedure. Therefore, we propose:
Proposal 8: RAN2 is kindly requested to confirm that HARQ retransmission is not supported for MsgB.
Though HARQ retransmission is not supported for MsgB, we consider that the UE should send a feedback to gNB when this contention resolution succeeds, similar to an ACK for Msg4. This allows gNB to know the whether the UE has successfully complete 2-step RACH procedure. Note that the gNB is not required to retransmit the MsgB even though the UE does not send any feedback. The details of the feedback can be studied further in RAN1/2.
Proposal 9: The UE sends a feedback to gNB only when contention resolution succeeds. 
Fallback from 2-step RACH to 4-step RACH
As the PRACH resource and PUSCH resource of 2-step RACH are contention based among multiple UEs, it is possible that gNB fails to detect MsgA (case 1) or gNB only detects the preamble of MsgA but unsuccessfully decode the PUSCH of MsgA (case 2) or gNB successfully decodes the PUSCH of MsgA (case 3).
For case 1, gNB will not respond any signal for UE. From UE perspective, some possible behaviours are considered as follow. 
1.1 If a C-RNTI MAC CE is included in MsgA, the UE may monitor the PDCCH addressed to the C-RNTI. It is obvious that the corresponding PDCCH and PDSCH cannot be received in this case. After RAR window expiry, if the preamble transmission counter has not reached the maximum, UE will perform RACH procedure again and the RACH type can be either 2-step RACH or 4-step RACH, which can up to UE implementation;
1.2 If CCCH SDU or a C-RNTI MAC CE is included in MsgA, the UE may monitor the PDCCH addressed to the RA-RNTI. While RAR window is running, the UE is likely to receive and successfully decode a TB with a BI indicator. After RAR window expires, the UE will perform 2-step or 4-step RACH procedure again after the backoff time, if the preamble transmission counter has not reached the maximum;
For case 2, gNB may transmit the MsgB with one or more than one MAC RARs corresponding to the detected preambles while no UE contention resolution identity MAC CE is included in MsgB. To some degree, the MsgB here can be regarded as Msg2. From UE perspective, some possible behaviours are considered as follow. 
2 
2.1 If CCCH SDU or a C-RNTI MAC CE is included in MsgA, the UE may monitor the PDCCH addressed to the RA-RNTI. While RAR window is running, the UE is likely to receive and successfully decode a TB with a RAPID corresponding to the transmitted preamble. Then the UE will fallback to 4-step RACH efficiently and utilize the RAR uplink grant to transmit msg3 PUSCH.   
For case 3, gNB may transmit the MsgB with one or more than one MAC RARs corresponding to the detected preambles and UE contention resolution identity MAC CEs are included in MsgB. Alternatively, gNB may just transmit the PDCCH scrambling by C-RNTI in MsgB. From UE perspective, some possible behaviours are considered as follow. 
1 
2 
3 
3.1 If a C-RNTI MAC CE is included in MsgA, the UE may monitor the PDCCH addressed to the C-RNTI while the RAR window is running. If a C-RNTI addressed PDCCH is received, consider this 2-step RACH successfully completed. 
3.2 If CCCH SDU or a C-RNTI MAC CE is included in MsgA, the UE may monitor the PDCCH addressed to the RA-RNTI. While RAR window is running, the UE is likely to receive and successfully decode a TB with a RAPID corresponding to the transmitted preamble and matched UE contention resolution identity MAC CE. Then the UE will ignore the RAR uplink grant and may discard the T C-RNTI indicated in MAC RAR. Finally, consider this 2-step RACH successfully completed. 
Based on the analysis above, we have the following proposals:
Proposal 10: The mechanism of backoff in 4-step RACH can be reused for 2-step RACH procedure. 
[bookmark: OLE_LINK22]Proposal 11: A UE will fall back from 2-step RACH to 4-step RACH in the case where MsgB includes a MAC RAR with RAPID corresponding to the preamble transmitted in MsgA, but does not contain a matched UE contention resolution identity MAC CE.
Proposal 12: For 2-step RACH, consider following two alternatives if RACH procedure is not completed
Alt. 1: UE retries 2-step RACH with msgA transmission;
Alt. 2: UE falls back to 4-step RACH with Msg1 or Msg3 transmission.
Conclusions
All proposals we have in this contribution are listed in the following：
Proposal 1: It can be up to UE implementation or network implementation to determine the initial selection between 2-step RACH and 4-step RACH. 
Observation 1: From RAN2 perspective, the minimum payload size of MsgA can be 56 bits or 72 bits.
Observation 2: Supporting different uplink grant sizes of PUSCH for MsgA will help to increase spectrum efficiency since the payload size of MsgA varies largely.   
Proposal 2 If preamble differentiation for 2-step RACH is configured, UE is able to select the Preamble Group based on the payload size of MsgA.
Proposal 3: For each preamble belonging to the same Preamble Group, the corresponding uplink grant is of the same size.  
Proposal 4: HARQ process identifier 0 is used for MsgA transmission. 
Proposal 5: RAN2 is kindly requested to confirm that HARQ retransmission is not supported for MsgA.
Proposal 6: UE identity in Msg3 (i.e., C-RNTI, resume ID, 39 MSB of ng-5g-s-TMSI, and random value of 39 bits) used for contention resolution in 4-step RACH can be reused in msgA for 2-step RACH procedure.  
Observation 3: MAC RAR and MAC CE cannot be placed together in the same MAC PDU.       
Proposal 7: RAN2 is kindly requested to discuss whether and how to multiplex MAC RAR and UE contention resolution identity MAC CE in MsgB for 2-step RACH.
Proposal 8: RAN2 is kindly requested to confirm that HARQ retransmission is not supported for MsgB.
Proposal 9: The UE sends a feedback to gNB only when contention resolution succeeds. 
Proposal 10: The mechanism of backoff in 4-step RACH can be reused for 2-step RACH procedure. 
Proposal 11: A UE will fall back from 2-step RACH to 4-step RACH in the case where MsgB includes a MAC RAR with RAPID corresponding to the preamble transmitted in MsgA, but does not contain a matched UE contention resolution identity MAC CE.
[bookmark: _Toc502437832]Proposal 12: For 2-step RACH, consider following two alternatives if RACH procedure is not completed
Alt. 1: UE retries 2-step RACH with msgA transmission;
Alt. 2: UE falls back to 4-step RACH with Msg1 or Msg3 transmission.
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Annex A
The following MAC RAR format is extracted from 38.321 [2]. The MAC RAR format and DL MAC PDU format are given in Figure 6.1.2-4 and Figure 6.1.5-3, respectively.. 


Figure 6.1.2-4: Example of a DL MAC PDU


[bookmark: _GoBack]Figure 6.1.5-3: Example of MAC PDU consisting of MAC RARs
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