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1 Introduction
In latest TS 38.321 [1], there is agreed text to specify the behavior of BWP selection/switching upon MAC is initiating/ running a RACH procedure. 
	[bookmark: _GoBack]Upon initiation of the Random Access procedure, the MAC entity shall:
1>	if PRACH resources are configured for the active UL BWP:
2>	perform the Random Access procedure on the active DL BWP and UL BWP;
1>	else (i.e. PRACH resources are not configured for the active UL BWP):
2>	switch to initial DL BWP and UL BWP;
2>	perform the Random Access procedure on the initial DL BWP and UL BWP.
If the MAC entity receives a PDCCH for BWP switching while a Random Access procedure is ongoing in the MAC entity, it is up to UE implementation whether to switch BWP or ignore the PDCCH for BWP switching. If the MAC entity decides to perform BWP switching, the MAC entity shall stop the ongoing Random Access procedure and initiate a Random Access procedure on the new activated BWP. If the MAC decides to ignore the PDCCH for BWP switching, the MAC entity shall continue with the ongoing Random Access procedure on the active BWP.



In this paper, we address the issue of UL BWP ambiguity during RAR reception. Consider the network configuration that multiple UL BWPs have separate PRACH resources, and their associated DL BWPs are configured to share the same common search space for PDCCH monitoring. Now if UEs on different UL BWPs select the same preamble index and PRACH resource with the same RA-RNTI, UE cannot know on which BWP a preamble is detected by the network based on the received RAR. This will cause expected Msg3 transmission, which leads to UL interference and extended RACH latency. We propose to solve it by adding “RAR index” in RAR payload to distinguish on which UL BWP the preamble is detected.
2 Discussion
Here we address the problem of UL BWP ambiguity: 
· If several UL BWPs have separate PRACH resource, and are associated to DL BWPs which share the same common search space, UE cannot know on which BWP a preamble is detected because RAR only identify RA-RNTI and PRAID, and RA-RNTI represents PRACH in a UL BWP only rather than PRACH across different UL BWPs.
Observation 1: UL BWP ambiguity occurs if multiple PRACHs on different UL BWP are associated with the same common search space for RAR reception.
UL BWP ambiguity causes unexpected UL transmission, leading to UL interference and long RACH latency, as illustrated in Figure 1. Assume that UE 1 send preamble on UL BWP 1, UE 2 send preamble on UL BWP 2, and the two UEs select PRACH with the same RA-RNTI and with the same preamble index. Now network detects the preamble from UE 1 on UL BWP 1, and send the corresponding RAR. Both UE 1 and UE 2 receives RAR successfully. UE 1, as expected, will send Msg3 on UL BWP 1 based on the received UL grant in RAR; however, UE 2 will also send Msg3 on BWP 2 based on the received UL grant in RAR. Since network does not detect preamble from UE 2 on UL BWP 2, network does not expect a Msg3 transmission on UL BWP 2.
The unscheduled transmission from UE 2 causes two issues
· UL interference, especially if the resource used by UE 2 on BWP2 has been scheduled to the other UE.
· Long RACH latency. Because network does not expect Msg3 transmission from UE 2 on BWP 2, network will not provide UE 2 with HARQ ACK/NACK and/or UL grant for retransmission. RACH procedure of UE 2 then gets stuck until, e.g., contention resolution timer expires.




Figure 1. Illustration of UL BWP ambiguity: happens when multiple PRACHs on different UL BWP are associated with the same common search space for RAR reception

Observation 2: UL BWP ambiguity causes unexpected UL transmission, leading to UL inference and extended RACH latency.


There are several alternatives to address the issue of UL BWP ambiguity, i.e.
· Alternative 1: Avoid ambiguity by network configuration
· For example, network configures UL/DL BWPs to ensure that each common search space for RAR reception is associated with PRACH resource of at most one UL BWP. 
· Alternative 2: For each common search space, assign a unique RAR index to each associated UL BWP that are configured with PRACH resource
· For the set of UL BWPs that are associated with the same common search space and are configured with PRACH, network assign each of them with a unique identity (herein we call it RAR index). Network indicates the RAR index in RAR to distinguish on which BWP a preamble is detected.
· Alternative 3: Assign a unique RAR index to each UL BWP in a cell or in the system bandwidth
· Similar to alternative 2, network indicates the RAR index in RAR to distinguish on which BWP a preamble is detected.

We have observation as below:
· Alternative 1 restricts network configuration flexibility.
· Alternative 2 is probably more overhead efficient than alternative 3 because alternative 3 need to take more bits to represent all UL BWPs configured with PRACH in the cell or in the system bandwidth. 

Observation 2: Network configuration flexibility is reduced if a common search space is restricted to be associated with PRACH of at most one UL BWP.

Observation 3: Indexing UL BWP per common search space is more overhead efficient in resolving UL BWP ambiguity. 

We can indicate RAR index to distinguish UL BWP in either RA-RNTI formula or in RAR content, e.g. 
· Option 1: Include RAR index in RA-RNTI formula
· Option 2: Merges RAR index into existing frequency index of RA-RNTI formula, i.e. frequency index is across several BWPs.
· Option 3: Include UL BWP index in RAR content, e.g., introduce RAR index in RAR payload as a new field or as part of UL grant information. 

Observation 4: Distinguishing UL BWP with RA-RNTI scales up the RNTI quantity of use for random access.


Therefore, we have the following proposals:
Proposal 1: RAR payload includes RAR index to indicate the UL BWP on which the preamble is detected.
Proposal 2: To address UL BWP ambiguity, UL BWP is indexed on a per common search space basis. 
Proposal 3: When network configures an UL BWP containing PRACH resource for a UE, network provides UE the RAR index of the UL BWP for RAR reception.
Proposal 4: UE determine RAR reception as successful only when the RAR index indicated in RAR matches the RAR index of UE’s active UL BWP.


3 Conclusion 
Based on the observations:
Observation 1: UL BWP ambiguity occurs if multiple PRACHs on different UL BWP are associated with the same common search space for RAR reception.
Observation 2: Network configuration flexibility is reduced if a common search space is restricted to be associated with PRACH of at most one UL BWP.
Observation 3: Indexing UL BWP per common search space is more overhead efficient in resolving UL BWP ambiguity. 
Observation 4: Distinguishing UL BWP with RA-RNTI scales up the RNTI quantity of use for random access.

We propose

Proposal 1: RAR payload includes RAR index to indicate the UL BWP on which the preamble is detected.
Proposal 2: To address UL BWP ambiguity, UL BWP is indexed on a per common search space basis. 
Proposal 3: When network configures an UL BWP containing PRACH resource for a UE, network provides UE the RAR index of the UL BWP for RAR reception.
Proposal 4: UE determine RAR reception as successful only when the RAR index indicated in RAR matches the RAR index of UE’s active UL BWP.


4 Reference
[1] [bookmark: _Ref489433501]3GPP TS 38.321-120 section 5.15 Bandwidth part (BWP) operation
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