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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. 
	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, except for the PDCCH reception for BWP switching addressed to the C-RNTI for successful contention resolution (as specified in subclause 5.1.5) in which case the UE shall perform BWP switching to a BWP indicated by the PDCCH. Upon reception of the PDCCH for BWP switching other than successful contention resolution, 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 problem of BWP ambiguity in contention-based RACH procedure. In FDD, since UE may be configured with different UL BWP and DL BWP, during contention-based RACH gNB does not know on which DL BWP the RAR should be transmitted, and UE does not know whether the received RAR is a response to the UL BWP on which the UE sends preamble. In this paper, we propose to introduce association between RACH resource and common search space for RAR monitoring, so as to resolve the BWP ambiguity issue.
2 Discussion

For FDD system, UEs may be configure with different UL BWPs for RACH preamble transmission, and different DL BWPs for RAR reception. As a result, in contention-based RACH procedure there is the problem of BWP ambiguity:
· On which DL BWP should network send RAR [2]: in FDD, multiple UEs may be on the same UL BWP, but are on different DL BWPs, e.g. some UEs fallback to initial DL BWP due to no DL traffic. When gNB detects the preamble for contention-based RACH, gNB has no idea who sends the preamble and does not know on which DL BWP the RAR should be transmitted. 
To solve the problem, network may send RAR on all DL BWPs associated with the same UL BWPs. However, this wastes radio resource for redundant RAR transmission. 
· How UE knows the received RAR responds to it UL BWP [3]: UE may be on different UL BWPs, but share the same DL BWPs or are on different DL BWPs which share the same common search space at least for monitoring random access response. In this case since RAR does not carry the information of UL BWP index on which a preamble is detected, UE does not know whether the RAR is a response to the preamble detected on the UE’s UL BWP. As a result, if UEs on different UL BWPs select the same RA-RNTI and preamble index, they will transmit Msg3 on their own UL BWPs, which is not predictable to the network. Unexpected Msg3 transmission causes UL interference and extended RACH latency as indicated in [3].
Observation 1: In FDD, since there is no a pairing relation between UL BWP and DL BWP, how UE receives RAR is still unclear in contention-based RACH.
· DL BWP ambiguity: network does know on which UL BWP RAR should be transmitted 
· UL BWP ambiguity: UE does not know on which UL BWP a preamble is detected by the network when receiving RAR 

	

	


	Figure 1(a) DL BWP ambiguity : network does not know on which DL BWP RAR should be transmitted for contention-based RACH
	Figure 1(b) UL BWP ambiguity: UE does not know on which UL BWP a preamble is detected when receiving RAR

	Figure 1. Illustration of BWP ambiguity problem


The root cause of BWP ambiguity is because in FDD there is no a paring relation between UL BWP and DL BWP as in TDD. To reduce BWP ambiguity, network could configure several UL-DL BWP pairs for UE to perform RACH procedure, i.e., if UE send preamble in an UL BWP, gNB always sends RAR on the DL BWP which is paired with the UL BWP on which UE send its preamble.  

Different BWP pairs have different UL BWPs and have different DL BWPs, i.e. there is a one-to-one association between UL BWP and DL BWP. Upon UE initiates contention-based RACH procedure, MAC switch its active UL BWP and/or active DL BWP so that it’s active UL/DL BWP are the same as that of a BWP pair. After RACH procedure is successfully terminated, i.e. UE pass contention resolution check, UE could stays in its current active BWP and it could be up to network determination whether to switch UE back to the original active BWP. For each UE, the UL-DL BWP pairs could be indicated in the system information of PCell.

Observation 2: BWP ambiguity problem occurs in FDD because there is no a one-to-one association between UL BWP and DL BWP for RACH procedure.   

Proposal 1: In FDD system, system information indicates cell-specific UL-DL BWP pairs for UE to perform contention-based RACH procedure. 
Proposal 2: In FDD system, UE switch BWP to one of UL-DL BWP pairs as indicated by PCell upon initiating contention-based RACH procedure.
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3 Conclusion 
Based on the observations:
Observation 1: In FDD, since there is no a pairing relation between UL BWP and DL BWP, how UE receives RAR is still unclear in contention-based RACH.
· DL BWP ambiguity: network does know on which UL BWP RAR should be transmitted 
· UL BWP ambiguity: UE does not know on which UL BWP a preamble is detected by the network when receiving RAR 
· 
Observation 2: BWP ambiguity problem occurs in FDD because there is no a one-to-one association between UL BWP and DL BWP for RACH procedure
We propose

Proposal 1: In FDD system, system information indicates cell-specific UL-DL BWP pairs for UE to perform contention-based RACH procedure. 
Proposal 2: In FDD system, UE switch BWP to one of UL-DL BWP pairs as indicated by PCell upon initiating contention-based RACH procedure.
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