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1. Introduction
Both 4-step and 2-step RACH for NR-U were discussed during the NR-U Study Item. Since 2-step RACH is a separate Rel-16 WI for NR in general, here we focus on 4-step RACH.

RAN2#105 has made considerable progress on 4-step RACH. In this contribution, we discuss some of the remaining issues.
2. Discussion
RAN2#107 has agreed on extending the RAR window without modifying RA-RNTI and to support this by including LSBs of SFN in msg2. The intention of the agreement was that msg2 can include a reference to the SFN of the time instance when msg1 was transmitted and this will prevent the ambiguity in the response for which msg1 this applies to due to the fact that RA-RNTI by itself can differentiate msg1’s transmitted within the same SFN.

One immediate question is where this timing information should be sent which was not concluded in RAN2#107. There are two obvious choices which are both feasible: PDCCH (DCI for msg2) or PDSCH (RAR).

After sending msg1, a UE attempts to detect a DCI format 1_0 with CRC scrambled by a corresponding RA-RNTI while the RAR window timer is running. The contents of the DCI format 1_0 in this case are set as follows as specified in 38.212:
	The following information is transmitted by means of the DCI format 1_0 with CRC scrambled by RA-RNTI:
-
Frequency domain resource assignment –
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-
Time domain resource assignment – 4 bits as defined in Subclause 5.1.2.1 of [6, TS38.214]

-
VRB-to-PRB mapping – 1 bit according to Table 7.3.1.2.2-5
-
Modulation and coding scheme – 5 bits as defined in Subclause 5.1.3 of [6, TS38.214], using Table 5.1.3.1-1
-
TB scaling – 2 bits as defined in Subclause 5.1.3.2 of [6, TS38.214]
-
Reserved bits – 16 bits


Observation 1: The DCI format 1_0 used for scheduling of msg2 has 16 reserved bits.

On the other hand, MAC RAR has only a single reserved bit as shown below.
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Observation 2: MAC RAR has only a single reserved bit.

Using the single reserved bit in MAC RAR, the response can differentiate even and odd SFNs and thus the range of RAR window can be extended to 20ms. 

Observation 3: Using the only reserved bit in MAC RAR can extend the RAR window size to 20ms.
Since using the only reserved bit in MAC RAR should not be preferable and as importantly does not provide future extensibility for larger RAR window sizes, this is not the preferred option.

The other alternative is to modify the MAC RAR format and introduce a new field after Temporary C-RNTI. However, defining a new MAC RAR format for NR-U and in general modifying legacy MAC formats should be avoided unless absolutely necessary.
Furthermore, RAN2’s goal with this solution was also to be able to use it for 2-step RACH which will also need longer response windows. Since 2-step RACH will define a new MAC format for msgB, a common solution for both 2-step and 2-step RACH should be independent of MAC RAR formats.
Proposal 1: For SFN LSB signaling, RAN2 should aim for a solution which can be used for both 2-step RACH and NR-U 4-step RACH.

Given that DCI format 1_0 has sufficient space to signal several bits of SFN LSB, this should be the adopted option.
Proposal 2: Use the reserved bits in DCI format 1_0 for msg2 to signal the LSBs of SFN in which msg1 is transmitted.

The value of ra-ResponseWindow is configured in slots and a maximum of 180 slots is allowed even though the specification also limits the upper limit to 10ms. Even though RAN1 has not finalized SCS options for NR-U, above 60khz will not be supported for the currently considered bands and therefore the slot duration will not be more than 0.25ms.
Observation 4: RRC signaling for ra-ResponseWindow already supports up to 180 slots which can go up to 45ms for the considered SCS for NR-U. 

Using two bits LSB can support up to 40ms of RAR response window and that seems to sufficient for both NR-U and 2-step RACH.

Proposal 3: Send an LS to RAN1 to introduce 2-bits in DCI format 1_0 when it is scrambled with RA-RNTI for the signaling of SFN LSBs.

For RAR, transmission on SpCell as in NR was taken as a baseline. One difference in NR-U SA is that the transmissions on PCell is also subject to LBT and thus gNB may not get the channel on PCell for RAR transmission while this may be possible on another SCell. Therefore, there is benefit of diversifying RAR transmission across cells. 
Observation 5: Allowing RAR transmission on an SCell can enable the gNB to transmit the RAR on the first cell which gets access to the channel.

Proposal 4: RAR transmission on an SCell should be allowed. 

RAN2#105bis also discussed when to start the contention resolution timer but did not down-select between the following two alternatives:
· Either a) the ra-ContentionResolutionTimer is started regardless of the LBT outcome of msg3 transmission or b) ra-ContentionResolutionTimer is started only at successful LBT outcome of msg3 transmission + immediately the UE to restart from RACH resource selection if all MSG3 transmissions fail. FFS

The main difference here is that the timer can start much later with the second option. However, since the contention resolution timer is sufficiently large (64ms), this should not be a big disadvantage. On the other hand, the first option is much simpler and same as legacy behaviour and thus can be selected.
Proposal 5: ra-ContentionResolutionTimer is started regardless of the LBT outcome of msg3 transmission.
3. Conclusion

In this contribution, we discussed remaining issues for 4-step RACH and propose the following:
Observation 1: The DCI format 1_0 used for scheduling of msg2 has 16 reserved bits.

Observation 2: MAC RAR has only a single reserved bit.

Observation 3: Using the only reserved bit in MAC RAR can extend the RAR window size to 20ms.
Proposal 1: For SFN LSB signaling, RAN2 should aim for a solution which can be used for both 2-step RACH and NR-U 4-step RACH.

Proposal 2: Use the reserved bits in DCI format 1_0 for msg2 to signal the LSBs of SFN in which msg1 is transmitted.

Observation 4: RRC signaling for ra-ResponseWindow already supports up to 180 slots which can go up to 45ms for the considered SCS for NR-U. 

Proposal 3: Send an LS to RAN1 to introduce 2-bits in DCI format 1_0 when it is scrambled with RA-RNTI for the signaling of SFN LSBs.

Observation 5: Allowing RAR transmission on an SCell can enable the gNB to transmit the RAR on the first cell which gets access to the channel.

Proposal 4: RAR transmission on an SCell should be allowed. 

Proposal 5: ra-ContentionResolutionTimer is started regardless of the LBT outcome of msg3 transmission.
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