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1 Introduction

In RAN2#105bis meeting, RAN2 agreed the maximum RAR window size is extended to 20 ms:
· R2 assumes the maximum RAR window size is extended to [20] ms
· We ask R1 regarding the support of multiple MSG3 transmission opportunities

Then in RAN2#107 meeting, it further agreed:

· Will support ext RAR window without modifying RA-RNTI. 

· Include LSBs of SFN in MSG2
According to the agreements from last meeting, the RA-RNTI calculation is not changed when supporting to extend the RAR window. the mechanism to differentiate the RO from different system frame is to include SFN in the msg2. There are some remaining issues regarding this agreement:

· What’s the maximum RAR window size to be extended?

· Whether to include the SFN in the DCI for scheduling msg2 or in the RAR MAC PDU?

It should be also noted that in the RAN1 coming LS in lasting meeting, they indicated that the LBT category for msg3 initial transmission is provided to UE in RAR:

Observation 3: RAN1 has made the following agreement which facilitates gNB’s channel occupancy sharing with a UE between Msg2 and Msg3:

· LBT category for msg 3 initial transmission is provided to the UE in RAR

Multiple msg3 tx opportunities with a single or multiple RARs in the time domain is feasible from a RAN1 perspective but there is no consensus at this time in RAN1 to support this. RAN1 will continue discussions on the support of multiple msg3 tx opportunities.
We would also need to handle how to include the LBT category in the RAR in RAN2.

Thus, in this paper, we discuss all these related issues.

2 Discussion

Issue 1:  the extended RAR window size
During the previous discussions, 20ms extended RAR window size and 40ms extended RAR window size are most popular proposals. 20ms was the working assumption made in RAN2 #105bis meeting.

For the argument of supporting 40ms, the companies think that 20ms may not be enough to provide enough transmission opportunities considering the MCOT is 10ms. However, for those companies who support 20ms extended window size, they think 20ms is a good balance value between RACH delay and transmission opportunities.

We don't have strong view on whether 20ms or 40ms can be used. Considering 20ms is already a working assumption, we slightly prefer to confirm the working assumption.
Proposal 1 RAN2 discuss whether maximum RAR window size is extended to 20ms or 40ms.
In current RRC configuration, the following values are available to configure:
    ra-ResponseWindow                   ENUMERATED {sl1, sl2, sl4, sl8, sl10, sl20, sl40, sl80},

If the maximum RAR window size is extended to 20ms, the configurable slots should be sl20, sl40, sl80 and sl160 for numerology 15KHz, 30KHz, 60KHz and 120KHz.
If the maxium RAR window size is extended to 40ms, the configurable slots should be sl40, sl80, sl160, sl320; Considering 30ms is also a configurable value, the corresponding slots are sl30, sl60, sl120, sl240.
Proposal 2 If maximum RAR window size is extended to 20ms, sl160 may need to be added for the window size configuration.
Proposal 3 If maximum RAR window size is extended to 40ms, the configurable slots are {sl1, sl2, sl4, sl8, sl10, sl20, sl40, sl60, sl80, sl120, sl160, sl240, sl320};
Issue 2:  whether to include the SFN in the DCI or RAR MAC PDU?
As agreed, we will include the LSBs of SFN in the msg2. Then one question is whether the SFN is included in the DCI for scheduling msg2 or the RAR MAC PDU.
From our point of view, extending RAR window size and the possible impacts are in the scope of RAN2, including the SFN in DCI would need change on the DCI format which may cause intense discussions in RAN1, in such a late stage, we don't think it’s a good choice to bother RAN1.

Proposal 4 Include the LSBs of SFN in the RAR MAC PDU.
Issue 3:  how many bits for the frame indication in the RAR MAC PDU?
Then, the remaining issues are how many bits does the SFN need and how to include those bits in the current RAR MAC PDU format?
We don't need to include the entire SFN bits (i.e., 10bits) in the RAR MAC PDU, instead it depends on the maximum RAR window. 
As shown in the following figure, if the maximum RAR window size is extended to 20ms, there are up to 2 RO positions need to be differentiated during the extended RAR window size. Then, we would need 1 bit of frame_id indication in the RAR MAC PDU. 
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Figure 1 The number of ROs to be differentiated during the extended RAR window size (20ms)
Proposal 5 If the maximum RAR window size is 20ms, 1 bit Frame_id field is needed in the RAR MAC PDU. If the maximum RAR window size is 40ms, 2 bits Frame_id field is needed in the RAR MAC PDU. Frame id = SFN_prach modulo (Maximum RAR window size in radio frames) where SFN_prach is SFN of radio frame in which PRACH occasion starts.
There are several places in the current RAR MAC PDU to place the 1 bit Frame_id. It can be placed either in one of the R bit of E/T/R/R/BI subheader or it can be place in the R bit of MAC RAR.
If the Frame_id is in the BI subheader, the entire RAR MAC PDU can be used to reply the preamble transmitted in a single system frame. However, if the Frame_id is placed in the R bit of MAC RAR, the RAR MAC PDU can be used to reply the preambles in different system frames. We think it would be beneficial if the RAR MAC PDU can be used to reply the preambles from several system frames considering in NR-U, the channel is contention and it’s not always very easy for the network to obtain the channel.
Proposal 6 RAN2 confirms the RAR MAC PDU can reply the preambles in different system frames in NR-U
Proposal 7 If P6 is confirmed, the “R” bit in MAC RAR can be reuse to place the Frame_id if the maximum RAR window size is 20ms.
For the case when the maximum RAR window size is extended to 40ms, RAN2 may consider to introduce a new subheader in which the 2 bits Frame_is can be placed.
Proposal 8 If P6 is confirmed, RAN2 discusses to introduce a new MAC subheader to contain the Frame_id if the maximum RAR window size is 40ms.
Issue 4:  how to include the LBT category into the RAR?
It’s not yet decided how to include the LBT category into the RAR, as indicated by the RAN1 LS. From RAN2 point of view, there are still some different understandings before we design how to include the LBT category into the RAR, which are listed as follows:

· Whether the LBT category is per RO or per Preamble?

· If it’s per RO, it could be possible to include it in the DCI scheduling the RAR. However, if it is per preamble, it should be included in the MAC RAR.

· If the LBT category is per preamble, RAN2 should decide how to include the LBT category into the MAC RAR, but it would be good to ask RAN1 whether it’s possible to re-use some of the bits in UL grant of MAC RAR. Otherwise, new format of the MAC RAR or subheader of the MAC RAR would be needed.
Proposal 9 RAN2 sends LS to RAN1 to ask the above questions on LBT category indications in RAR.
3 Conclusion

Based on the discussion in section 2 we propose the following:
Proposal 1
RAN2 discuss whether maximum RAR window size is extended to 20ms or 40ms.
Proposal 2
If maximum RAR window size is extended to 20ms, sl160 may need to be added for the window size configuration.
Proposal 3
If maximum RAR window size is extended to 40ms, the configurable slots are {sl1, sl2, sl4, sl8, sl10, sl20, sl40, sl60, sl80, sl120, sl160, sl240, sl320};
Proposal 4
Include the LSBs of SFN in the RAR MAC PDU.
Proposal 5
If the maximum RAR window size is 20ms, 1 bit Frame_id field is needed in the RAR MAC PDU. If the maximum RAR window size is 40ms, 2 bits Frame_id field is needed in the RAR MAC PDU. Frame id = SFN_prach modulo (Maximum RAR window size in radio frames) where SFN_prach is SFN of radio frame in which PRACH occasion starts.
Proposal 6
RAN2 confirms the RAR MAC PDU can reply the preambles in different system frames in NR-U
Proposal 7
If P6 is confirmed, the “R” bit in MAC RAR can be reuse to place the Frame_id if the maximum RAR window size is 20ms.
Proposal 8
If P6 is confirmed, RAN2 discusses to introduce a new MAC subheader to contain the Frame_id if the maximum RAR window size is 40ms.
Proposal 9
RAN2 sends LS to RAN1 to ask the above questions on LBT category indications in RAR.
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