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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 illustrates how NR, which allows multiple SS blocks in an SS burst set, can indicate backoff values to control the level of RACH congestion corresponding to different SS blocks.

The following is RAN1 agreements related to SS Block Pattern and RACH association:

NR has agreed to support up to 4 SS blocks in 0-3 GHz, 8 SS blocks in 3-6 GHz and up to 64 SS blocks in over-6 GHz through the following agreement [2]

	
Agreements:
· The transmission of SS blocks within SS burst set is confined to a 5 ms window regardless of SS burst set periodicity

· Within this 5 ms window, number of possible candidate SS block locations is L

· The maximum number of SS-blocks within SS burst set, L, for different frequency ranges are

· For frequency range up to 3 GHz, L is 4
· For frequency range from 3 GHz to 6 GHz, L is 8
· For frequency range from 6 GHz to 52.6 GHz, L is 64
· Note that RAN1 assumes minimum number of SS blocks transmitted within each SS burst set is one to define performance requirements



NR will also allow gNB to configure mapping from all actually transmitted SS blocks to RACH resources/preamble via RMSI ([3], [4])

	
Working assumptions:
· UE-specific RRC signaling with full bitmap can be used for indicating the actually transmitted SS blocks for both sub6GHz and over6GHz cases

· The actually transmitted SS blocks is indicated in RMSI for both sub6GHz and over6GHz cases

Agreements:
· At least for initial access, the association between SS blocks and RACH preamble indices and/or RACH resources is based on the actually transmitted SS blocks indicated in RMSI



2 Discussion
NR has not determined the exact calculation of RA-RNTI. Depending on whether RA-RNTI is a function of SS block (SSB) index or not, RAR can be associated with either one or multiple SS blocks that the UEs selected to transmit Msg1. If RA- RNTI is a function of both SSB index and RACH transmission occasion (RO) index, RAR corresponds to only one SSB. On the other hand, if RA-RNTI is a function of RO index but not SSB index, RAR may correspond to multiple SSBs that got mapped to the same RO.
The congestion level corresponding to different SS blocks during Msg1 transmission can be different due to interference, e.g., some SS blocks’ directions could cover hotspots. Even if multiple SSBs are mapped to the same RO, following RAN1 agreement says that they will be mapped to different preamble indices.
	
Agreements:
· If many SSBs are mapped to one RACH transmission occasion, NR supports at least a mapping from different SSBs to non-overlapping subsets of RACH preamble indices within one RACH transmission occasion.

· FFS: Mapping to overlapping subsets




Hence, these SSBs that occupy non-overlapping subsets of RACH preamble indices can experience different congestion levels. 

In fact, even if the FFS point gets agreed where different SSBs are mapped to overlapping subsets of preamble indices, the congestion level can still be different. Assume that gNB transmits two SSBs towards two different directions at two different times. While receiving PRACH, gNB can receive simultaneously from two directions. That’s why, two SSBs are mapped to one PRACH resource. PRACH transmission of one UE which falls within the angular coverage of one direction does not interfere with that of another UE which falls within the angular coverage of another direction even if both UE select same preamble index and resource. In this case, the congestion for each UE comes from the other UEs that fall within the angular coverage of their respective directions.

Observation 1. The congestion level corresponding to different SS blocks, including the ones that get mapped to the same RACH transmission occasion, during Msg1 transmission can be different due to different interference levels. 
It is natural that the network should indicate backoff values of, at least, the one or multiple SS blocks that are associated with the corresponding RARs (i.e. RARs with the same RA-RNTI).

Proposal 1. Network should indicate the backoff values of, at least, the one or multiple SS blocks that are associated with the corresponding RARs (i.e. RARs with the same RA-RNTI).

UE has the flexibility to select a different SS block during Msg1 retransmission. As mentioned above, the appropriate backoff indicator for these SS blocks can be different as well. Specially, if there is severe congestion in some of the other SS blocks, gNB should convey those explicitly in RAR.

Proposal 2. Network can additionally indicate the backoff values and the indices of a set of SS blocks that are not associated with the corresponding RAR.

Some rules need to be designed to define UE’s behavior after it receives indication regarding backoff values for a set of SS blocks. One simple rule could be the following: UE assumes the backoff value of the actually transmitted SS blocks to be zero unless explicitly indicated via RAR.

Proposal 3. UE assumes the backoff value of all actually transmitted SS blocks to be zero unless explicitly indicated via RAR.

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

Observation 1. The congestion level corresponding to different SS blocks, including the ones that get mapped to the same RACH transmission occasion, during Msg1 transmission can be different due to different interference levels. 

Proposal 1. Network should indicate the backoff values of, at least, the one or multiple SS blocks that are associated with the corresponding RARs (i.e. RARs with the same RA-RNTI).

Proposal 2. Network can additionally indicate the backoff values and the indices of a set of SS blocks that are not associated with the corresponding RAR.

Proposal 3. UE assumes the backoff value of all actually transmitted SS blocks to be zero unless explicitly indicated via RAR.
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