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1. Introduction
In this proposal, we provide our general view on the RACH configuration, especially on the configuration parameters that are needed in addition to the current LTE parameters.
In RAN1 #88bis meeting, the reporting of UE beam correspondence in RACH procedure via Msg 1 or Msg 3 was discussed and was agreed to be studied. In this proposal, we provide comparison of different UE beam correspondence reporting mechanisms and provide our proposal on indicating this information as early as possible.
2. Discussion on RACH configuration
In LTE, the following basic PRACH configuration parameters are broadcast in SIB2 to IDLE mode UEs, or signaled to CONNECTED mode UEs via RRC signaling:

PRACH-Config
	Configuration parameters
	Details

	Root Sequence Index
	PRACH preamble sequence root index

	PRACH Configuration Index
	Jointly indicates preamble format and available PRACH resource  in time domain

	Zero Correlation Zone Configuration
	NCS configuration

	High Speed Flag
	Restrict cyclic shift set for high speed scenario

	PRACH Frequency Offset
	Indicates the PRACH frequency starting position


RACH-ConfigCommon:
	Configuration parameters
	Details

	Preamble Information
	Indicates the number of RA preamble for contention-based and Group A configurations

	Power Ramping Parameters
	Indicates power ramping step and the preamble initial target receive power

	Supervision Information
	Indicates the maximum number of preamble transmissions and the RAR window size

	Maximum HARQ for Msg3 Tx
	Indicates the maximum number of Msg3 HARQ transmissions


And the following dedicated configuration is signaled to UE via RRC signaling -to specify the dedicated RACH parameters.

RACH-ConfigDedicated
	Configuration parameters
	Details

	ra-PreambleIndex
	Indicates the dedicated preamble index

	ra-PRACH-MaskIndex
	Indicates the actual PRACH resource that can be used by UE


The configuration parameters in LTE are mainly the preamble parameters, time and frequency locations of RACH resources, supervision window information and power ramping parameters. 
In NR, due to the flexible design of numerology and multi-beam operation, the existing parameters may need to consider some more flexible indication and some new configuration parameters will be needed in the broadcast system information or dedicated signaling. 
· Indication of RACH resource and UL reference numerology 
In LTE, the PRACH resources determined by PRACH configuration index and PRACH Frequency Offset are in terms of subframes(1ms) and RBs. 
In NR, due to the multiple numerologies and wider frequency ranges, the preamble formats may occupy fewer than 1ms and due to the flexible slot structure, the indication of available RACH resources should be carefully designed.
Another important feature different from LTE is that due to the wider frequency ranges and  more flexible deployment scenarios in NR, there may be cases that the numerology for timing in the UL is different from the numerology for timing in the DL. Therefore the PRACH configuration should be able to indicate the UL numerology to the UE so that UE can have correct understanding of the available RACH resource, RAR window start position, RAR window duration and so on.
Proposal 1: The indication of time and frequency position of PRACH resource as well as RAR window indication should take into account of multiple numerologies and different UL and DL numerology. 
· Association and Non-association between SS blocks and RACH resources
This field consists of indication of the association between SS blocks and the RACH resources, and also the non-association indication. 
Association between SS blocks and RACH resources is mainly intended for the UE to indicate the DL analog beam to the gNB. However under full digital beamforming, the gNB can determine the receive beamforming using digital processing without UE indicating. In this case, there is no need for associating the RACH resources with particular SS block, instead, all the RACH resources can be selected by the UE thus reducing collision probability in Msg 1. 
The association configuration can be broadcast in system information for IDLE UEs, and can be also indicated to CONNECTED UEs via dedicated signaling for the mobility or UL synchronization purposes, or RRC reestablishment. In the latter case, not all SS blocks will be associated with all the PRACH resource; therefore, an update association can be indicated to UEs via dedicated signaling. 
Proposal 2: Association between SS blocks and RACH resources can be broadcast in system information or via dedicated signaling. Non-association indication is also needed in the system information.
· Association between RACH resource/preambles and UE correspondence
In last RAN1 meeting, the reporting of UE beam correspondence in RACH procedure via Msg 1 or Msg 3 was discussed. To ensure the performance of UE with beam correspondence, it is proposed that UE beam correspondence is reported as early as possible, i.e. in Msg 1. The reasons and analysis are provided in the next section.
3. UE beam correspondence indication in RACH
Based on the current agreement on the 4-step RACH procedure, we can summarize the 4-step RACH procedure (contention-based) for UEs with beam correspondence and without beam correspondence as in the following figures.
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Figure 1 RACH procedures for UEs with and without beam correspondence
For UEs with beam correspondence (BC), it is natural to transmit Msg 1 using the beam that is optimal for receiving SS blocks, e.g. beam R1 as illustrated in Figure 1. It is very likely that UE will receive RAR by power ramping without changing the beam. For example, in average, a UE with BC will try Ncounter/2 RACH occasions before it successfully detects a RAR, where Ncounter is the maximum power ramping counter for a UE. 

However, for UEs without beam correspondence, UE has to try beam sweeping and power ramping on each corresponding beam (assuming that the counter is reset when UE switches beam), which may require more RACH occasions before receiving RAR than UEs with beam correspondence, thus consuming more RACH resources. For example, in average, a UE without BC will try NTxBeamNcounter/2 occasions before it successfully detects a RAR, where NTxBeam is the number of UE transmission beams.
The above analysis indicates that within a given subset of RACH resources/preambles, UEs without BC will generally consume more resources than UEs with BC, leading to increased Msg 1 collision probability especially to UEs with BC.
Observation 1: Within a given subset of RACH resources/preambles, UEs without BC will generally consume more resources than UEs with BC, leading to increased Msg 1 collision probability especially for UEs with BC.
Based on the above observation, if BC is not reported in msg1, then the msg1 resource consumption will be according to non-BC UE. This would cause unnecessary PRACH resource consumption, especially when BC UEs are majority cases. On the other hand,  if BC is reported in msg1, the PRACH resource consumption could be optimally split for a given ratio of BC and non-BC UEs.
To report UE beam correspondence in Msg 1, a straightforward method would be further partition RACH resources/preambles. Under this approach, UEs with BC and UEs without BC will be allocated into partitioned resources or with different preambles, thus the Msg 1 collision probability of UEs with BC can be eliminated.
Another advantage of resource partition is that after resource partition, the resource for BC UEs associated with each SS block can be reduced since there will be fewer RACH occasions on each particular beam. Therefore, the resource allocated for each beam can be reduced, and thus reduce the latency for the gNB to detect msg1 and the latency for the UE to receive RAR.
Observation 2: PRACH resource partition can reduce the latency for the gNB to detect msg1 and the latency for the UE to receive RAR
If beam correspondence is not reported in RACH Msg 1, the gNB does not know whether UE holds beam correspondence or not in RAR. In the last RAN1 meeting, proponents were also proposing the enabling beam management procedure in RACH, especially beam refinement in RAR and beam reporting in Msg 3. Without gNB knowing the UE beam correspondence capability, the beam management procedure would be suboptimal for UEs with BC thus sacrificing their performance.
Observation 3: To enable beam management as early as in RACH Msg 2 and Msg 3, the beam correspondence is needed in Msg 1 in order not to sacrifice the performance of UEs with BC. 
In the following table, we compare the Pros and Cons for reporting UE beam correspondence in different stages, including Msg 1, Msg 3 and RRC reporting.
For reporting in Msg 3 and RRC, similar problem will be that without resource partition in RACH resource, the collision probability will be increased at least for UEs with BC. 
Table 1 Pros and Cons for reporting UE beam correspondence in different stages
	
	Pros 
	Cons 

	Msg 1 
	· Reduce the Msg 1 collision probability at least for UEs with BC .
· Reduce preamble and RAR receive latency at least for UEs with BC .
· When beam refinement and beam reporting is enabled in RACH Msg 2 and Msg 3, the performance of UEs with BC will not be sacrificed.
	Partition of resources may lead to fewe available resources for UEs without BC, thus increasing Msg 1 collision probability for UEs without BC.

	Msg 3 / RRC
	· Simpler 1bit indication without resource partition
	· Increased Msg 1 collision probability especially for UEs with BC.
· Increased latency to detect PRACH preamble and receive RAR 


Thus we make the following proposal:
Proposal 3: UE beam correspondence is reported in RACH procedure via Msg 1 by partitioning RACH resources/preambles. The association between RACH resources/preambles and UE correspondence is broadcast in system information.
4. Conclusion
In this contribution, the following observations and proposals are made:
Observation 1: Within a given subset of RACH resources/preambles, UEs without BC will generally consume more resources than UEs with BC, which is unnecessarily unfair to UEs with BC because UEs with BC will be interfered more by UEs without BC.
Observation 2: PRACH resource partition can reduce the latency for the gNB to detect msg1 and the latency for the UE to receive RAR

Observation 3: To enable beam management as early as in RACH Msg 2 and Msg 3, the beam correspondence is needed in Msg 1 in order not to sacrifice the performance of UEs with BC. 
Proposal 1: The indication of time and frequency position of PRACH resource as well as RAR window indication should take into account of multiple numerologies and different UL and DL reference numerology. 

Proposal 2: Association between SS blocks and RACH resources can be broadcast in system information or via dedicated signaling. Non-association indication is also needed in the system information.

Proposal 3: UE beam correspondence is reported in RACH procedure via Msg 1 by partitioning RACH resources/preambles. The association between RACH resources/preambles and UE correspondence is broadcast in system information.
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