[bookmark: OLE_LINK283]3GPP TSG-RAN WG2 Meeting #108           				                   R2-1914365
Reno, USA, 18th – 22th November 2019                 

Source: 	vivo
Title:  	Remaining Issues on RACH Procedure in NR-U
Agenda Item:	6.2.2.1
Document for:	Discussion and Decision
[bookmark: _Ref165266342]Introduction
In the last RAN2#107bis meeting, some agreements with regard to RACH procedure have been achieved [1], which are given as follows,
[bookmark: OLE_LINK5]From RAN2 point of view it is beneficial to include LSB of SFN in the DCI.  The same design is desirable to be used for 2-step RACH. Write LS to RAN1 to ask if there is any feasibility issues;
For NR-U, 2 bits are enough for a maximum of 40ms response windows;
Multiplexing of responses for more than one SFN is not allowed;
ra-ContentionResolutionTimer is started regardless of the LBT outcome of msg3 transmission.
In this contribution, we would like to discuss some remaining issues on the RACH procedure in terms of random access resource selection and MAC RAR format.
Discussion
Random access resource selection with cross SSB QCL relationship
In order to increase more transmission opportunity for SSB, the maximum number of SSB candidate positions in one period (e.g. DRS transmission window) is currently increased to 20 for NR-U, compared with 8 in Rel-15 for 5GHz spectrum. In addition, to further relieve LBT impact on SSB transmission, cross SSB QCL relationship has been introduced and specified by RAN1. Some agreements with regard to QCL assumptions inside and across DRS transmission windows have been achieved in the previous two RAN1 meetings [2] [3], which are listed as follows, 
	Agreement: 
1. For a cell (either serving or a neighbour cell), UE may assume a QCL relation between SS/PBCH blocks within or across DRS transmission or measurement windows that have the same value of modulo(A, Q), once Q is known to the UE
· A is the PBCH DMRS sequence index.
2. For purposes of SSB QCL derivation, the following values of Q are supported: {1, 2, 4, 8}. 
· FFS: Further down-selection of allowed values.
3. No further down selection is made for set of Q values, i.e., Q = {1,2,4,8} (resolves FFS of prior agreement on Q values).


One example is given as depicted in below Figure 1: SSB#(0,2,4,6,8,10,12,14,16,18) are the candidate positions of actually transmitted SSBs when DRS transmission window is 5ms and the high layer parameters are configured as Q=4 and ssb-PositionInBurst=10100000. Based on this configuration, QCL assumption for SSBs with different SSB position indices in a DRS transmission window can be assumed. More specifically, the UE may assume that SSBs actually transmitted on SSB#(0,4,8,12,16) are QCLed and SSBs actually transmitted on SSB#(2,6,10,14,18) are QCLed. 
In Rel-15, there is no QCL assumption between SSBs with different SSB indices in a SSB burst set, and the total number of actually transmitted SSBs (e.g. 8) is explicitly indicated by the ssb-PositionInBurst field in FR1. The UE first selects a Preamble randomly from the Preambles associated with the selected SSB. And then the UE selects a PRACH occasion randomly amongst the consecutive PRACH occasions corresponding to the selected SSB.



[bookmark: _Ref23876807]Figure 1. Example for candidate positions of actually transmitted SSBs
However, in NR-U, things go differently. With the QCL assumption between multiple SSBs, RA resource selection approach should be enhanced to further reduce the access delay for PRACH transmission. 
Assuming Q=4, ssb-PositionInBurst=10101010, the number of FDMed PRACH occasion is 4, the PRACH configuration index is 101, and each SSB is mapped to 4 PRACH occasions. In this case, 4 PRACH occasions occurring simultaneously but on different subcarriers are corresponding to one SSB. According to the current MAC specification [4], the UE can only select a PRACH occasion for PRACH transmission amongst the 4 consecutive PRACH occasions upon SSB selection. However, if the QCLed SSBs (e.g. {0,4},{2,6}) share the corresponding PRACH occasions, the total number of ROs for each SSB in a PRACH slot will be doubled. As a result, the UE can select a next available PRACH occasion amongst the 8 PRACH occasions (e.g. RO#(0,1,2,3,8,9,10,11)) corresponding to SSB0 and SSB4 if either SSB0 or SSB4 is selected. In addition, if the corresponding PRACH occasions can be shared among the QCLed SSBs, it would be also reasonable to share the associated preamble among the QCLed SSBs.   


Figure 2. RO sharing with cross SSB QCLed relationship
Based on the analysis above, some enhancements are necessary for RA resource selection when cross SSB QCL relationship is adopted. More specifically, upon UE selects one SSB for PRACH transmission, it will select a preamble amongst the preambles associated with the SSBs QCLed with the selected SSB. And then the UE will determine a PRACH occasion amongst the PRACH occasions corresponding to the SSBs QCLed with the selected SSB. Therefore, we have the following two proposals. 
[bookmark: _Ref21004879][bookmark: PP11][bookmark: PP8]Proposal 1: In NR-U, the UE can select a Random Access Preamble randomly with equal probability from the Random Access Preambles associated with the SSB(s) QCLed with the selected SSB.
Proposal 2: In NR-U, the UE can select a PRACH occasion randomly with equal probability amongst the consecutive PRACH occasions corresponding to the SSB(s) QCLed with the selected SSB.
RA resource selection after encountering consistent UL LBT failure
Due to the uncertain of LBT outcomes, the UE might nonetheless fail to access channel for Msg1 transmission. As a result, the UE will perform the RA resource selection step again, as agreed in the previous RAN2 meeting. However, there is a probability of encountering consistent UL LBT failure when the congestion is unbearable. 
[bookmark: OLE_LINK151][bookmark: OLE_LINK152]A better and efficient approach is to allow the UE to switch to SUL carrier and then re-attempt Msg1 transmission if this cell is configured with SUL carrier. Specifically, when an NR-U cell is configured with both SUL carrier and normal unlicensed UL carrier, the network can configure a maximum number of Msg1 transmission attempts on normal unlicensed UL carrier. If the UE selects the normal unlicensed UL carrier but fails to access the channel after a certain number of Msg1 transmission attempts, the UE will select the SUL carrier to re-attempt Msg1 transmission, even when the RSRP of the DL pathloss reference is higher than rsrp-ThresholdSSB-SUL.
Proposal 3: The UE is allowed to select the SUL carrier, if configured, to re-attempt Msg1 transmission after failing Msg1 transmission ‘N’ times due to UL LBT failure.
Payload of MAC RAR in NR-U 
It should be noted that in the RAN1 provided LS (R1-1907902), RAN2 is informed that LBT category for Msg3 initial transmission is provided to the UE in RAR. In eLAA, the channel access type indication is included in the scheduling DCI. Hence, it seems reasonable to extend the UL grant field in MAC RAR in order to contain the LBT category indication. 
Moreover, as agreed in [5], the 16 us Cat2 will be introduced. Therefore, gNB can indicate Cat1 or 16 us Cat2 or 25 us Cat2 or Cat 4 separately to the UE. In conclusion, gNB may need to indicate four types of channel access scheme for Msg3 transmission in total. Therefore, in NR-U, the length of LBT category field in MAC RAR is 2 bit. 
[bookmark: _GoBack]Based on the analysis above, the MAC RAR in NR-U can be depicted as the following Figure 3.


Figure 3. MAC RAR in NR-U
Proposal 4: Extend the size of the UL grant field with two additional bits to contain the LBT category indication for Msg3 transmission.
Proposal 5: Send an LS to RAN1 asking whether Proposal 4 is feasible.
Conclusions
[bookmark: _Toc502437832]In this contribution, we have discussed the remaining issues on the RACH procedure with regarding resource selection, RAR reception, and the starting condition of the contention resolution timer in detail. And we have the following observations and proposals:
Proposal 1: In NR-U, the UE can select a Random Access Preamble randomly with equal probability from the Random Access Preambles associated with the SSB(s) QCLed with the selected SSB.
Proposal 2: In NR-U, the UE can select a PRACH occasion randomly with equal probability amongst the consecutive PRACH occasions corresponding to the SSB(s) QCLed with the selected SSB.
Proposal 3: The UE is allowed to select the SUL carrier, if configured, to re-attempt Msg1 transmission after failing Msg1 transmission ‘N’ times due to consistent UL LBT failure.
Proposal 4: Extend the size of the UL grant field with two additional bits to contain the LBT category indication for Msg3 transmission.
Proposal 5: Send an LS to RAN1 asking whether Proposal 4 is feasible.
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