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1. [bookmark: _Toc18403966][bookmark: _Toc18404533][bookmark: _Toc18413600]Introduction
Based on the agreements so far for the MSGB design, it is clear that the MSGB structure will be different from MSG2 structure. Thus, both for the succssRAR and fallbackRAR, the MSGB should be transmitted in DL in such a way that the legacy UEs (i.e. the 4-step RACH UEs) do not receive or process the MSGB. In the past RAN2 has discussed two options for ensuring the above: 
· Use a different RNTI
· Use a different search space/CORESET
In this contribution we discuss the RAN2 aspects of the above and propose a way forward.  
2. Discussion
Based on the current set of agreements for 2-step CBRA, it is clear that the MSGB will have different structure (both for success and fallback cases) and hence it shall not be processed by legacy (4-step RACH) UEs. Since this is the RA procedure, we have the following alternatives to ensure this: 
· Alt1: Separate search space and/or CORESET for MSG2 and MSGB
· Alt2: Different RNTI value for MSG2 and MSGB
Discussion on Alt1: Separate Search space/CORESET
For the alternative 1, different Search Space/CORESET will be configured for 2-step RACH and 4-step RACH. With the separate Search Space/CORESET, the 4-step RACH UE only needs to monitor MSG2 on the Search Space/CORESET for 4-step RACH, thus the reception of MSGB can be avoided. Since UE is only required to perform either 4-step RACH or 2-step RACH at a given certain time, even if two Search Space/CORESET are configured, UE is only monitoring one Search Space/CORESET of the two based on the RA type selected, thus there is no additional complexity at the UE side. 
[bookmark: _Toc21020404]There is no additional UE complexity to monitor separate search space/CORESET for 2-step RACH (since the UE only monitors either 2-step RACH or 4-step RACH search space/CORESET at any given time)
In addition, based on the discussion in RAN1, it seems separate Search Space/CORESET for 2-step RACH will be supported anyway (the latest status report makes it clear that this is one of the open issues to fix [1]). Hence, given that RAN1 will be working on defining a new Search space/CORESET for this, it seems no extra work is needed if we mandate the configuration of separate Search Space/CORESET for 2-step RACH (i.e. from RAN2 perspective, we just need to assume that the defined separate search space/CORESET is always used for 2-step RACH MSGB). 
[bookmark: _Toc21020405]Since RAN1 are already working on a separate search space/CORESET for 2-step RACH, this option will anyway be defined and hence mandating this for 2-step RACH will come with no additional work in RAN1 or RAN2
The only potential issue to consider here is that if separate search space/CORESET is used, then the PDCCH capacity is fragmented and may need to be reserved to support this. However, it should be noted that it is not necessary to permanently reserve this capacity and the gNB can dynamically use this space still for C-RNTI scheduling (e.g. when the MSGA RACH load is low etc). So, given this, it seems this is not a big issue either.
[bookmark: _Toc21020406]The separate search space/CORESET reserved for 2-step RACH can still be used dynamically to schedule C-RNTI based scheduling and hence reserving these resources doesn’t mean that these resources are underutilised. 

Discussion on Alt2: Separate Search space/CORESET
For the Alt 2, an offset (e.g. RA_type) can be introduced in the formula for RA-RNTI calculation, with the offset the RA-RNTI for MSGB and Msg2 will have different value. Considering the formula for RA-RNTI will be not be changed due to the extension of RAR window as agreed in NR-U discussion, it seems we have enough space to configure such offset in the formula of RA-RNTI. One example for the change of RA-RNTI is as follows:
-------------------------------------- Example for the RA-RNTI based solution -------------------------------------
RA-RNTI = 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id + 14 × 80 × 8 ×2×rach_type
where s_id is the index of the first OFDM symbol of the PRACH occasion (0 ≤ s_id < 14), t_id is the index of the first slot of the PRACH occasion in a system frame (0 ≤ t_id < 80), where the subcarrier spacing to determine t_id is based on the value of μ specified in clause 5.3.2 in TS 38.211 [8], f_id is the index of the PRACH occasion in the frequency domain (0 ≤ f_id < 8), and ul_carrier_id is the UL carrier used for Random Access Preamble transmission (0 for NUL carrier, and 1 for SUL carrier), and rach_type is the RACH type selected (0 for 4-step RACH, and 1 for 2-step RACH).
-------------------------------------- Example for the RA-RNTI based solution -------------------------------------
With this newly introduced parameter “rach_type”, the value range of RA-RNTI will be [1, 35840]. Thus, this is feasible right now. However, considering 35840*2 = 71680, if we introduce the “rach_type” in the formulas now, it seems we will not have enough space to do a similar extension again, if this is needed in future. Considering the discussion we had under NR-U and the ongoing discussion on NTN etc, which may potentially need some extension to this space, it may be a bit risky to consume this space, especially when there are other potential alternatives like Alt 1. 
[bookmark: _Toc21020407]Defining new RNTI for MSGB seems feasible but this may not be a future proof solution since this will preclude any such extension in future. 
The above analysis can be summarised in the table below: 
	
	Pros
	Cons

	Separate Search Space / CORESET for Msg2 and MsgB reception
	No extra work is needed, as separate Search Space / CORESET will be defined by RAN1 anyway.
	Separate PDCCH resource will be reserved for 2-step RACH although this space can still be used for dynamic scheduling using C-RNTI

	Different RA-RNTI value for Msg2 and MsgB reception
	Separate Search Space / CORESET configuration is not mandatory (although this will be defined anyway by RAN1) but this will need a new formula to be defined in RAN2 specs
	New field will be introduced in the RA-RNTI formula and this will preclude any such extension in future. 



Based on the above analysis, we think that from RAN2 perspective we can conclude that a separate search space / CORESET is preferable for 2-step RACH. 
Given this, we propose the following: 
[bookmark: _Toc21020412]A separate search space / CORESET is used for 2-step RACH MSGB to distinguish the MSGB from MSG2.  
[bookmark: _Toc21020413]Send an LS to RAN1 informing them about the above and requesting them to define this new search space / CORESET 
3. Conclusion and proposals
The following observations are made in this contribution:
Observation 1:	There is no additional UE complexity to monitor separate search space/CORESET for 2-step RACH (since the UE only monitors either 2-step RACH or 4-step RACH search space/CORESET at any given time)
Observation 2:	Since RAN1 are already working on a separate search space/CORESET for 2-step RACH, this option will anyway be defined and hence mandating this for 2-step RACH will come with no additional work in RAN1 or RAN2
Observation 3:	The separate search space/CORESET reserved for 2-step RACH can still be used dynamically to schedule C-RNTI based scheduling and hence reserving these resources doesn’t mean that these resources are underutilised.
Observation 4:	Defining new RNTI for MSGB seems feasible but this may not be a future proof solution since this will preclude any such extension in future.

The following proposals are made:
Proposal 1:	A separate search space / CORESET is used for 2-step RACH MSGB to distinguish the MSGB from MSG2.
Proposal 2:	Send an LS to RAN1 informing them about the above and requesting them to define this new search space / CORESET
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