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1      Introduction 

In this contribution, we discuss some aspects of multi-beam operation in random access in NR from RAN2’s point of view. We also present our view on RAR selection in case of multiple RAR reception at the UE.
2      Discussion

PRACH partitioning for DL beam indication
The following agreement was made in RAN1#88bis regarding random access procedure, at least for the case without gNB TX/RX correspondence:

	· Association between one or multiple occasions for SS block and a subset of RACH resources and/or subset of preamble indices is informed to UE by broadcast system information or known to UE or FFS dedicated signaling
· FFS gNB can configure an association between CSI-RS for L3 mobility and a subset of RACH resources and/or a subset of preamble indices, for determining Msg2 DL Tx beam


This association would allow the gNB to determine the best DL beam to use for Msg2 transmission. Depending on the number of detected DL beams at the UE, single or multiple beams may be mapped to a set of RACH resources and/or preambles. At least in LTE, the time/frequency resources for the UE to use for Msg1 transmission are indicated using the prach-ConfigIndex, which is signaled using system information. A similar mechanism could be used in NR. However, the periodicity/density of the RACH resources is still under discussion, with the understanding that the NR RACH capacity shall be at least as high as in LTE. This can be achieved using time/frequency/preamble domain multiplexing. However, since there are currently no agreements on extending the preamble space beyond 64 (as in LTE), the preamble domain is likely to be the more scarce resource. This is exacerbated by the fact that some preambles may need to be reserved for other purposes, e.g. Msg3 size indication, 2 step SI request, contention free random access etc. Therefore, this should be taken into account when defining the afore-mentioned association and partitioning across multiple domains.
In any case, depending on the signal strength of the detected beams, the UE selects the time/frequency resource and the preamble to transmit from the associated subset as per RAN1’s agreement. In case of a single beam mapped to a set of RACH resources/preambles, the UE can select the resources corresponding to the best DL beam to send Msg1. The gNB can thus know, without any ambiguity, what the best DL beam is for the UE and sends the corresponding RAR using that beam. On the other hand, for multiple beams mapped to a set of PRACH resources/preambles, the gNB would have to resolve this ambiguity by transmitting Msg2 across the set of candidate beams. In either case, the UE should use the best DL beam to determine the set of PRACH resources/preambles to choose from.
Proposal 1:
The PRACH resources/preambles for Msg1 transmission correspond to the subset resources associated with the best DL beam if gNB configures multiple PRACH resources/preambles associated with DL beam(s).

Multiple RAR reception
In LTE, after preamble transmission, UE monitors for its RA-RNTI PDCCH in its RAR window. If one is detected, it decodes the RAR PDU to find whether it contains RAR with its preamble signature. As soon as one is found, it will stop monitoring for RAR even when RAR window has not expired. 

There is ongoing discussion in NR on the possibility of multiple Msg2 reception at the UE, especially for the following cases: 
· Case 1: In case of no Tx/Rx beam correspondence at UE, common set of PRACH resources/preambles is associated to the multiple DL beams. The gNB needs to sends the same RAR associated to the PRACH preamble over multiple DL Tx beams [1].
· Case 2: In NR, each cell may consist of multiple TRPs. A preamble transmission from a single UE may be received by more than one TRPs of the cell. If the TRPs of the gNB share the same PRACH resources, the UE may receive more than 1 RAR within the RAR window from multiple TRPs. 
· Case 3: in case of no Tx/RX beam correspondence at gNB, the gNB performs RX beam sweeping across PRACH resource. In this case, the gNB may detect the same preamble across multiple Rx beams and it may also be possible that different UEs transmit the same PRACH preamble in the same PRACH resource but they are received by different Rx beams of the gNB. So, the gNB may respond with multiple RARs associated to the same preamble detected via multiple Rx beams. 
The gNB may not be able to differentiate the above scenarios, i.e. whether the preambles are from a single UE or multiple UEs. For resolving this issue, the gNB may send multiple RARs, e.g., depending on the TA difference between two detected sequences [2].

Observation 1:
 UE may expect reception of multiple RARs corresponding to the same preamble within a RAR window.

When the UE receives multiple RARs corresponding to the same preamble, a selection strategy can be defined regarding how to choose the RAR to process the UL grant. The following approaches can be adopted from the UE perspective:

· Option 1: UE picks the first RAR within the RAR window (legacy LTE behavior)

· Option 2: UE decodes all the RARs (corresponding to its Msg1 transmission) within the RAR window and responds to all in Msg3
· Option 3: UE decodes all the RARs (corresponding to its Msg1 transmission) within the RAR window but picks only one. 
a) Randomly picks one of the RAR

b) Picks the RAR with the strongest received power

Regarding option 1, different UEs would end up choosing the same RAR and colliding subsequently, offering no contention resolution enhancement. Option 2 requires UEs to monitor PDCCH for a longer period, possibly the whole duration of the RAR window and respond to each RAR. This contention would ultimately need to be resolved, complicating the whole procedure. 
While monitoring and decoding all RARs within the RAR window does increase random access latency, a combination of 3a) and 3b) would increase the probability that different UEs would end up choosing different RARs. A criterion can be defined that ensures that UEs select a subset of all received RARs above a certain received power, which creates a degree of spatial resolution in case the UEs are located far apart and likely received RARs with different signal power. The UEs then choose a RAR randomly from the remaining RARs, decreasing the possibility of contention. 
For procedures (e.g. handover, SR/UL TA) that consider latency to be important, the network may configure UEs to go for approach 1) where the UE picks the first RAR within the RAR window. If the network is configured to allow UEs to monitor the whole RAR window, the UL grant timing would take that into account.
Proposal 2:
Option 1 (selecting the first RAR) and option 3-a (randomly selecting one of detected RARs) are supported and which option is used is configured via broadcast signaling. 
3      Conclusion
Observation 1:
 UE may expect reception of multiple RARs corresponding to the same preamble within a RAR window.
Proposal 1:
The PRACH resources/preambles for Msg1 transmission correspond to the subset resources associated with the best DL beam if gNB configures multiple PRACH resources/preambles associated with DL beam(s).

Proposal 2:
Option 1 (selecting the first RAR) and option 3-a (randomly selecting one of detected RARs) are supported and which option is used is configured via broadcast signaling. 
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