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Introduction
In RAN2#107, the following agreement were made [1]:
	RAN2#107 agreement
Will support extension of RAR window without modifying RA-RNTI. 
Include LSBs of SFN in MSG2


In this paper, we further discuss issue on RAR format and contention resolution.
RAR format
In Rel-15, the RAR MAC PDU format is as follows.


Figure 1: Example of MAC PDU consisting of MAC RARs
For NR-U, some new features are introduced according to the agreements from the previous meetings. And we discuss the issue of extension of RAR window and UL grant for the format of RAR MAC PDU, respectively
Extension of RAR window
RAN2 agreed LSBs of SFN can be included in msg2 to address the ambiguity issue when the RAR window is longer than 10ms. The ambiguity issue is illustrated in the following figure: When the PRACH in the first 10ms is transmitted, the RAR window would start and the UE begun to monitor PDCCH for msg2 reception. However, when another UE transmits another PRACH in the second slot with the same RA-RNTI and PDCCH for this RA-RNTI is received, at this time, the UE does not know the PDCCH is intended for the preamble transmitted for the UE, or the preamble in the next 10ms. If this happens, there would be a higher probability that the preamble index for the PRACH occasion with the same RA-RNTI between two slots would collide and the performance of RACH would be largely influenced. 
[image: ]
Figure 2, ambiguity issue when RAR window length > 10ms
Based on the above analysis and the revealed issues and the forward-compatibility consideration, in the last meeting, it was agreed that the LSB of the SFN shall be included in the RAR to let the UE know that the PDCCH is for the PRACH transmitted on which SFN.  A new format will be introduced. However, we needs to avoid non-backward compatibility when we designs the msg2 PDU format for NR-U, considering the following supported scenarios:
· For NR-U with standalone operation where all serving cell are NR-U cell, it seems no problem can be foreseen. 
· For NR-U with CA operation, e.g. the PCell is operating in licensed spectrum while SCell is NR-U cell, in that case the RAR window will not be extended due to the PCell is not a NR-U cell. It seems no problem can be foreseen too.
Observation 1: Different deployment scenarios can have common design in the extension of RAR window.
[bookmark: OLE_LINK17]The first question comes on whether RARs for different UEs with different LSBs of SFN and the same RNTI can be multiplexed into one MAC PDU or not. To avoid complex RAR format, we prefer to RARs for different UEs with different LSBs of SFN and the same RNTI cannot be multiplexed into one MAC PDU, i.e. the Msg2 MAC PDU is transmitted for RO with the same SFN and RA-RNTI.
Proposal 1: RARs for different UEs with different LSBs of SFN and the same RNTI cannot be multiplexed into one MAC PDU.
Next we discuss how long the RAR window can be extended for NR-U. This is a critical issue since it may impact how many bits should be reserved for field of LSBs of SFN. For NR-U, it may be enough to relieve the LBT impact when the RAR window is extended to 40ms. For NTN, the RAR window may be extended to other value, on which an input should be given from NTN on their requirement, such that this feature can be commonly shared to NTN.
Proposal 2: In NR-U, the maximum extended RAR window is 40ms.
Furthermore, it should be discussed how the LSBs of SFN are indicated to the UE.  Since the LSB indication is applicable for all the UEs receiving the RAR MAC PDU, we think it is sufficient to indicate it by design a new subheader. 
Proposal 3: Introduce a new MAC subheader for indicating the LSBs of SFN.
In the legacy R15 MAC spec, there are two types of MAC subheaders in MAC RAR PDU: subheaders with BI and RAPID, respectively. Specifically, the T field has the following meaning: 
	-	T: The Type field is a flag indicating whether the MAC subheader contains a Random Access Preamble ID or a Backoff Indicator. The T field is set to "0" to indicate the presence of a Backoff Indicator field in the subheader (BI). The T field is set to "1" to indicate the presence of a Random Access Preamble ID field in the subheader (RAPID);





Figure 3-1: E/T/R/R/BI MAC subheader


Figure 3-2: E/T/RAPID MAC subheader
For 2-step RACH, these two types of subheaders still need to be supported, since similar to R15, we still need the functionality of backoff and RAPID indication. Since a new type of subheader needs to be introduced for LSBs of SFN. We also note that BI subheader has the reserved bit that still can be used. 
Proposal 4: Change the meaning of T field as follows: when T=1, the subheader includes BI or LSBs of SFN; when T=0, the subheader includes RAPID
Furthermore, when T=1, the some field in the subheader should indicate whether the subheader include BI or LSB. Hence, we propose the following. Based on the above proposal, this field should not be relevant when the length of the length of RAR is less than 10ms.
Proposal 5: Introduce a new field T1: if T1=1, the subheader includes BI; when T1=0, the subheader includes LSBs of SFN. 
Furthermore, the number of bits for indicating the LSBs of SFN needs to be determined. Even we propose maximum RAR window is extended to 40ms, only 2 bits is enough for the field of LSBs of SFN. Considering RAR window may be also extended in other WI, we should reserve enough bits for field of LSBs of SFN if larger window size will be introduced. Here we propose the length of LSBs of SFN field is 4bits.
Proposal 6: The field length of LSBs for SFN is 4 bits.
Based on the above proposals, the subheader for LSBs of SFN would look like as follows:


Figure 4: subheader with LSBs of SFN
The new RAR MAC PDU format is only used when the length of the RAR window is configured as larger than 10ms.
Proposal 7: When the length of the RAR window is less than 10ms, the new format is not used, meaning that T field stays with the meaning in legacy R15, and T1 field is reserved.
Contents and their sizes in RAR
Next we discuss the other aspect may impact to RAR format and observations are made on their impact on NR-U
· UL grant
· Interlaced PUSCH is introduced for NR-U; For PUSCH frequency resource allocation, 14 bits may be too much.
· LBT type for initial msg3 transmission is indicated by RAR. New field should be introduced.
· TA command
· Small cell coverage due to regulation on transmitting power limitation. For TA command, 12 bits may be too much.
[bookmark: OLE_LINK8]The above new features may impact the size of RAR UL grant size and TA command size. It is noted that we need to consider the non-backward compatible issue when we design the RAR format for NR-U. In Rel-15, RAR is transmitted on SpCell only. If this is applicable to NR-U, in case Cell 1 is NR cell while Cell 2 is NR-U Cell. If two UEs initiate random access on different cell, RAR for Cell 1 (NR cell) and RAR for Cell 2 (NR-U cell) can be multiplexed into a MAC PDU. From RAN2 perspective, the size of RAR field should keep the same as Rel-15. However we need to be confirmed by RAN1. To finalize the design of RAR format it is suggested to ask RAN1 how may bits is required for RAR UL grant and RAR TA command.
Proposal 8: Send LS to ask RAN1 on required bits for RAR UL grant and TA command for NR-U.
Contention resolution
Currently there are two candidates on when to start the ra-ContentionResolutionTimer, when LBT fails:
· One is to start it at the Msg3 transmission no matter whether LBT fails or not;
· The other is to only start it at actual Msg3 transmission which means LBT is successful. 
During the online discussion, some companies proposed to only start this timer upon actual Msg3 transmission. The concern is that network may not always schedule Msg3 retransmission because NW may not know whether the msg3 is not transmitted because of LBT failure or RAR reception failure. In the latter case, UE could directly go back to the msg1 and perform preamble retransmission without waiting for the timer to expire. 
However, starting the timer only when LBT success requires the UE to start another RACH attempt which means LBT checking for preamble transmission at the UE side as well as RAR transmission at the NW side, this of course will introduce additional latency. Moreover, some modification on current RACH procedure is needed to allow the UE to retransmit preamble upon Msg3 transmission failure due to unsuccessful LBT instead of ra-ContentionResolutionTimer expiry.
In addition, since Msg3 is a transmission on the scheduled grant and no matter whether it is not transmitted due to LBT failure or the UE did not receive the RAR, the NW is able to detect msg3 transmission failure and a proper NW implementation is to schedule a retransmission. On the contrary, if directly goes to the msg1, this will not allow the network to schedule the retransmission of msg3. 
Therefore, for the first case that msg3 is not transmitted as RAR is not received, there is no problem because it is up to NW implementation to send one or more RAR. However, if they are not monitored or used by the UE and eventually after the expiry of RAR window, the UE will retransmit preamble, which is the same behavior as in legacy. 
[bookmark: _GoBack]Another case is that UE receives RAR but fails to transmit Msg3 on the UL grant due to unsuccessful channel access. In this case the UE needs to start the ra-ContentionResolutionTimer to monitor the PDCCH for HARQ retransmission. If the UE does not start this timer when Msg3 is not transmitted due to LBT failure, then the UE may fall asleep and is not able to receive the scheduled retransmission. 
Therefore, based on the above analysis, considering the impact on latency and specification, we do see no benefit to start the ra-ContentionResolutionTimer only upon successful Msg3 transmission and we have the following proposal.  
Proposal 9: ra-ContentionResolutionTimer is started/restarted even when the Msg3/HARQ retransmission is not transmitted due to LBT failure. 
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Based on the discussion we propose the following:
Observation 1: Different deployment scenarios can have common design in the extension of RAR window.
Proposal 1: RARs for different UEs with different LSBs of SFN and the same RNTI cannot be multiplexed into one MAC PDU.
Proposal 2: In NR-U, the maximum extended RAR window is 40ms.
Proposal 3: Introduce a new MAC subheader for indicating the LSBs of SFN.
Proposal 4: Change the meaning of T field as follows: when T=1, the subheader includes BI or LSBs of SFN; when T=0, the subheader includes RAPID
Proposal 5: Introduce a new field T1: if T1=1, the subheader includes BI; when T1=0, the subheader includes LSBs of SFN. 
Proposal 6: The field length of LSBs for SFN is 4 bits.
Proposal 7: When the length of the RAR window is less than 10ms, the new format is not used, meaning that T field stays with the meaning in legacy R15, and T1 field is reserved.
Proposal 8: Send LS to ask RAN1 on required bits for RAR UL grant and TA command for NR-U.
Proposal 9: ra-ContentionResolutionTimer is started/restarted even when the Msg3/HARQ retransmission is not transmitted due to LBT failure. 
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