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1. Introduction

This contribution is revised from R1-1715481.

In this contribution, we’d like to discuss RA-RNTI calculation and multiple RAR reception.
2. Discussion
2.1 RA-RNTI calculation
SSB index

According to the agreements in RAN1 NR#3 meeting, the start timing of RAR depends on the location of CORESET for RAR, in addition to the location of RACH resource. 

Agreements:
· For RAR, X can be supported for the timing gap between the end of MSg1 transmission and the starting position of the CORESET for RAR
· Value of X = ceiling((/(symbol duration))*symbol duration, where the symbol duration is based on the RAR numerology
· Where ( is to accommodate sufficient time for UE Tx-Rx switching if needed (e.g., for TDD)
· Note: UE Tx-Rx switching latency is up to RAN4
The RAR windows, corresponding to RACH resources associated with different SSB, may be overlapped. Considering the case where multiple SSBs are associated with the same RACH resources on the same Rx beam, which is beneficial to achieve lower RACH resource overhead, UE’s may unnecessarily attempt to decode the RAR message transmitted on a Tx beam other than its preferred DL Tx beam. To solve this problem, one of the solutions is, SSB index can be carried by the control signaling of the RAR. In addition, carrying SSB index by RA-RNTI is beneficial for SSB/beam-specific RACH management.

We consider two alternatives, (1) introducing SSB index into the calculation of RA-RNTI and (2) indicating such information by explicit signaling bits in the DCI. The signaling overhead is lower in the first method because no extra bits are introduced in the DCI. SS block/DL Tx beam information should be carried by RA-RNTI.
Slot index

As per the agreements below regarding PRACH resource configuration, slot index and symbol index is required to identify the time location of a PRACH resource. So the slot index and symbol index need to be indicated for UE monitoring its target RAR.
Agreements:
· NR defines the pattern of the slots that contain PRACH resource(s) in to a larger time interval

· FFS: time interval e.g 5/10/20ms

· FFS pattern

· FFS numerology of the slot e.g SS block, UL/DL, Msg1 or PUSCH

· FFS: Within each slot 

· Alt1: RACH resources within a slot are consecutive

· Alt2:RACH resources within a slot are not consecutive, e.g to handle the case of CORESET monitoring , in the 2/4/7 symbols

In the LTE system, sub-frame index is included in the calculation of the RA-RNTI. Similarly, the slot index, replacing sub-frame index, can be included in RA-RNTI formula for NR. As for symbol index, we assume that RARs for the preambles using different symbol occasions within one slot will normally be responded to at the same/similar time. Therefore those RARs are better to be multiplexed into one RAR with the same RA-RNTI. For the same reason of locating RAPID (The Random Access Preamble IDentifier field (6 bits) identifies the transmitted Random Access Preamble) in RAR, symbol index can be included in the RAR. 
PRACH frequency index
Similar to LTE system, multiple frequency PRACH occasions shall be configured and index of specified PRACH in frequency domain within a slot is included in RA-RNTI.

As a conclusion, we have following proposals.
Proposal #1:  For RA-RNTI calculation, 
RA-RNTI = 1 + t_id + X*f_id + Y*SSB_index,

in which, 
	t_id
	the index of slot within a slot pattern time interval for PRACH configuration,

	f_id
	the index of specified PRACH in frequency domain within the selected slot

	SSB_index
	The index of SSB within a SS period

	X
	the number of slot within a slot pattern time interval, either fixed value or depending on SCS

	Y
	X*64


Proposal #2: Symbol index is included in RAR.
2.2 Multiple RAR

Considering the Tx/Rx beam correspondence issue, the network may feed back multiple RARs to a single UE. Here are some examples:
· A UE transmits just one Msg.1 with multiple/repeated preambles. The gNB without Tx/Rx beam correspondence receives the Msg.1 by multiple Rx beam and feeds a RAR back for each Rx beam reception.
· A UE transmits just one Msg.1 on a common RACH resources of several TRPs/gNBs. Each TRP/gNB transmits a RAR according to its Msg.1 reception independently.
Accordingly, for the RAR reception under the situation of multiple RAR transmission, we consider 2 options at the UE side as shown in Fig.1.

· Option #1: The UE can assume a single RAR within a RAR window. That means, if the UE received a RAR, it would stop monitoring for other RARs. 
· Option #2: The UE can monitor and receive multiple RARs within a RAR window. The UE would continue to monitor RARs even if it has received a RAR.
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Fig.1 RAR reception in the case of multiple RAR transmission
As we discussed above, multiple RAR transmission occurs mainly when it’s challenging for the UE to achieve the latency requirement of the RA procedure. Option #2 can improve the probability of successful access and thus reduce latency. Furthermore, if the multiple RARs correspond to different TRPs/gNBs, it will be necessary to support option #2 for the selection of TRPs/gNBs, especially when considering the UE’s movement. Therefore, NR should be able to support UE reception of multiple RAR within a given RAR window at least for some cases. If a UE receives multiple RAR, it can choose one RAR for msg.3 transmission. 
Proposal #3: NR supports UE reception of multiple RAR within a given RAR window at least for some cases.
3. Conclusions

In this contribution, some considerations on RA-RNTI calculation and multiple RAR reception are presented. Based on the discussion, we have following proposals:
Proposal #1:  For RA-RNTI calculation, 


RA-RNTI = 1 + t_id + X*f_id + Y*SSB_index,

in which, 
	t_id
	the index of slot within a slot pattern time interval for PRACH configuration,

	f_id
	the index of specified PRACH in frequency domain within the selected slot

	SSB_index
	The index of SSB within a SS period

	X
	the number of slots within a slot pattern time interval, either a fixed value or depending on SCS

	Y
	X*64


Proposal #2: Symbol index is included in RAR.
Proposal #3: NR supports UE reception of multiple RAR within a given RAR window at least for some cases.
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