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1 Introduction

LTE allows network to control the level of RACH congestion by indicating backoff value in random access response. This article discuss how NR can indicate backoff values to control the level of RACH congestion corresponding to different SS blocks.

2 Discussion
In NR, multiple SSBs can be mapped to the same RACH occasion (RO). Therefore, UEs which are associated with different SSBs but transmit in the same RO have the same RA-RNTI. And the RAR for those UEs with the same RA-RNTI are multiplexed together in the same RAR MAC PDU. 

When there is access congestion, network can choose to include a backoff indication in a RAR MAC PDU. According to the current specification, this backoff indication is applied to all UEs receiving this PDU, which may be associated with different SSBs.  

Even if multiple SSBs are mapped to the same RO, the congestion level corresponding to different SS blocks during Msg1 transmission can be different. For example, it is possible that gNB can receive RACH preambles in the same RO from different directions. PRACH transmission of one UE which falls within the angular coverage of one direction may not interfere with that of another. In those cases, some SSBs’ directions may have more UEs performing access (e.g. hotspots) than others, resulting imbalance in access load among SSBs mapped to the same RO.  

Observation 1. SS blocks mapped to the same RACH transmission occasion can have different congestion levels during Msg1 transmission. 
It is then natural to conclude that network should have the flexibility to indicate backoff values on a per-SSB basis.
Proposal 1. Network can signal different backoff values for UEs with the same RA-RNTI but associated with different SS blocks. 
In the current specification, UE has the flexibility to select a different SS block during Msg1 retransmission. And this SSB for retransmission may not be mapped to a different RO as the one in the previous transmission. Currently, this selection is solely based on the RSRP of SS blocks. But we think when there is severe congestion in some other SS blocks, it is usefully to include congestion level as one of UE’s selection criteria. To better assist UEs making this selection, in a RAR gNB can additionally include backoff values of those SS blocks that are severely congested but not associated with this RAR.

Proposal 2. In a RAR, network can additionally signal the backoff values and the indices of a set of SS blocks that are congested but not associated with this RAR.

To simplify signaling, some rules are needed for UE’s behavior for those SS blocks that it does not receive backoff indication. One simple rule could be based on LTE’s behavior, which is that UE assumes the backoff value of an actually transmitted SS blocks to be zero unless it is explicitly indicated in RAR.

Proposal 3. UE assumes the backoff value of an actually transmitted SS block to be zero unless it is explicitly indicated in RAR.

3 Conclusion
Based on the above discussion, we recommend RAN2 to discuss the following observations and proposals:

Observation 1. SS blocks mapped to the same RACH transmission occasion can have different congestion levels during Msg1 transmission. 

Proposal 1. Network can signal different backoff values for UEs with the same RA-RNTI but associated with different SS blocks. 
Proposal 2. In a RAR, network can additionally signal the backoff values and the indices of a set of SS blocks that are congested but not associated with this RAR.

Proposal 3. UE assumes the backoff value of an actually transmitted SS block to be zero unless it is explicitly indicated in RAR.
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