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1 Introduction

During the study item the 4-step RACH like in LTE system was agreed to be supported for NR. In RAN2#96 the following agreement was made [1]:

	Agreements

1 
The design of RA procedure in NR needs to support flexible Msg3 size (as already supported in LTE). 

FFS whether the eNB can be provided with more information (compared to LTE) from the UE on the Msg 3 size to provide.


In this contribution we handle two issues:

Issue 1: Need for PRACH (i.e. preamble/PRACH resource) partition 

Issue 2: MSG3 size
2 Discussion

2.1 Need for preamble/PRACH resource partition
In LTE system the 64 preamble sequences may be partitioned in Group A and Group B where the preambles from Group A can be configured to be associated with size of MSG3. If the Group B preambles are available, the UE needs to transmit more bits than the size associated with Group A and the DL path-loss is favorable then UE can use preambles from Group B. 
Observation#1: In LTE preamble sequences can be partitioned in two groups (i.e. code domain)
In NR there are several scenarios which necessitate the partitioning/reservation of the preamble sequence space:

a. Depending on the UE ID included in MSG3 the size of MSG3 may be different,

b. Preamble reservation may be needed for MSG1 based SI-request to support on-demand delivery of SI,

c. In high frequency operation preamble mapping may be needed for indicating the best NR-SS block RSRP to avoid beam sweeping of MSG2/MSG3
d. In INACTIVE state to support UL small data transmission along with MSG3, etc.

Given the above; if the NR preamble sequences are partitioned/reserved only in the code domain then the available preambles for each purpose becomes limited. A consequence of restricting the partitioning/reservation to code domain results in limited preambles and hence increases the probability of collision of MSG3. In order to avoid such limitation; reservation of more PRACH resources on which preambles are transmitted in time/frequency domain should be explored and not restrict to preamble code domain partitioning. The down side of more PRACH resource reservation for different purposes results in decrease in time/frequency resources for actual data transmission. However since the amount of PRACH resource reservation is configurable it should be possible to strike the correct balance. Therefore a three dimensional approach is needed for PRACH (i.e. preamble/PRACH resource) partitioning to judiciously determine for what purposes the code domain preamble groups (like in LTE) is needed and how many such groups are needed, for what purposes the time/frequency PRACH resources deem fit. In addition to above identified scenarios there may be other cases/purposes from RAN1 point of view for which PRACH partition may be needed. Based on the above discussion we suggest RAN2 to consider the following proposals as the starting point to address the need for PRACH partition
Proposal#1a: RAN2 in consultation with RAN1 to identify all cases/purposes for which PRACH (i.e. preamble/PRACH resource) partitioning/reservation is needed. 
Proposal#1b: RAN2 in consultation with RAN1 to identify for what cases/purposes the code domain preamble groups is needed and how many such groups are needed.

Proposal#1c: RAN2 in consultation with RAN1 to identify for what cases/purposes the time/frequency PRACH resources reservation is needed.
2.2 MSG3 Size in NR
The MSG3 in LTE either carries a MAC CE or a RRC message for different scenarios. The different RRC messages transmitted by MSG3 are RRCConnectionRequest, RRCConnectionRe-establishment and RRCConnectionResumeRequest message. These messages include the UE ID such as S-TMSI or random value of 40 bits, Re-establishment ID which includes C-RNTI, PCI, shortMAC-I combination of 41 bits (i.e. 16+9+16) and  ResumeID or truncatedResumeID which is either 40 bits or 24 bits. When the MAC CE is included in MSG3 e.g. during UL synchronization in connected mode the 16 bit C-RNTI is included in MSG3. It can be observed that in LTE the UE ID is of different size for different purposes but everything is carried in a fixed MSG3 size of 56 bits including the other contents of MSG3. If the MSG3 size of more than 56 bits is needed then the Group B preambles are selected by the LTE if permitted by favourable DL path-loss. The eNB then indicates the grant size more than 56 bits in RAR.
Observation#2: LTE MSG3 size is either fixed to 56 bits or more than 56 bits which is indicated in RAR. 
In NR it would be desirable to support a finer granularity of MSG3 size than in LTE for following reasons:

a. MSG3 may include the RRCConnectionRequest, RRCConnectionRe-establishment and RRCConnectionResumeRequest message.
b. MSG3 may also include the small data packet in addition to RRCConnectionResume message or its equivalent MAC CE contents to support UL data transmission during INACTIVE state 
c. MSG3 may also include the SI-request to support on-demand delivery of SI 

Based on the above discussion we suggest RAN2 to consider the following proposals as the starting point to address the different MSG3 size requirement in NR:

Proposal#2a: RAN2 to identify all cases for which different MSG3 size is needed.

Proposal#2b: Based on the identified cases RAN2 to determine how many levels of granularity is needed for MSG3 size.
3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposals:
Observation#1: In LTE preamble sequences can be partitioned in two groups (i.e. code domain).

Observation#2: LTE MSG3 size is either fixed to 56 bits or more than 56 bits which is indicated in RAR. 
Proposal#1a: RAN2 in consultation with RAN1 to identify all cases/purposes for which PRACH (i.e. preamble/PRACH resource) partitioning/reservation is needed. 
Proposal#1b: RAN2 in consultation with RAN1 to identify for what cases/purposes the code domain preamble groups is needed and how many such groups are needed.

Proposal#1c: RAN2 in consultation with RAN1 to identify for what cases/purposes the time/frequency PRACH resources reservation is needed.
Proposal#2a: RAN2 to identify all cases for which different MSG3 size is needed.

Proposal#2b: Based on the identified cases RAN2 to determine how many levels of granularity is needed for MSG3 size.
