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1 Introduction

In last meeting, the impact of BWP on the user plane has been discussed preliminarily. The following agreements have been made.
	Agreements:

1 Behaviour on the BWP that is deactivated:
· not transmit on UL-SCH on the BWP;
· not monitor the PDCCH on the BWP;
· not transmit PUCCH on the BWP;
· not transmit on PRACH on the BWP;
· do not flush HARQ buffers when doing BWP switching (unless an issue is identified)
2   RAN2 will not support MAC CE BWP switching


In addition, an email discussion has been trigged to further identify the impacts of BWP on different MAC functions [1]. In this contribution, we will discuss some remaining issues that have not been included in the email discussion.
2 Discussion
2.1 RA procedure on BWP
In [1], some BWP impact on RA procedure have been identified and discussed. Among those issues, two of them are whether BWP switching could occur during the RA procedure for a connected UE and how to handle the RA procedure if BWP switching occurs. In our thinking, those issues are coupled with another essential issue, i.e. on which BWP the connected UE should perform the RA procedure. 
In the companion paper [2], we proposed that when RA is trigged, the UE switches to the initial DL/UL BWPs to perform the RA procedure. As defined in [2], here we define the initial DL/UL BWP as the DL/UL BWPs associated with the cell defining SSB.

Assumption: For the connected UE, the DL/UL BWPs associated with the cell defining SSB are called initial DL/UL BWPs.
Although the discussion of that paper is for the EN-DC scenario, this proposal applies to any other scenarios where RA is needed. Then here we discuss some details of RA procedure for both contention-based case and contention-free case.
· Contention-based RA:

For contention-based RA, the gNB has no idea of which UE is performing the RA procedure until it successfully received the Msg 3 from the UE. So, for the CB-RA, the only feasible way is to restrict the Msg 1 and Msg 3 transmission on the initial UL BWP and the Msg 2 and Msg 4 on the initial DL BWP. The detailed procedure should be:
· The UE transmits the preamble on the PRACH of the initial UL BWP;
· Upon initiating the RA procedure by UE itself, if the active UL BWP of the UE is not the initial UL BWP at the time of RA procedure initiation, the UE autonomously switches to the initial UL BWP.
· Upon receiving the PDCCH order or the RRC message that triggers the RA, if the active UL BWP of the UE is not the UL BWP at the time of RA procedure initiation, the UE switches to the initial UL BWP.

· The UE monitors the CORESET of the initial DL BWP for RAR and receives the RAR from that BWP;
· If the active DL BWP of the UE is not the initial DL BWP at the time of RA procedure initiation, the UE is required to switch to the initial DL BWP before the start of the RAR window.

· The UL grant in the RAR refers to the UL resource of the initial UL BWP.
· The UE transmits the Msg 3 on the initial UL BWP;
· The retransmission of the Msg 3 also occurs on the initial UL BWP.
· The UE monitors the CORESET of the initial DL BWP for Msg 4 and receives the Msg 4 from that BWP;
· The PDCCH for scheduling the retransmission of the Msg 3 is also received from CORESET of the initial DL BWP.
Proposal 1: When contention based RA is triggered, the UE autonomously switches to the initial DL/UL BWPs (for paired spectrum) or the initial DL/UL BWP pair (for unpaired spectrum) for Msg1/Msg2/Msg3/Msg4 Tx/Rx.
If the previous active BWP is not the initial DL/UL BWP, after RA is successfully completed, there are two options: Option 1: switch back to the previous DL/UL BWP autonomously;

Option 2: switch DL/UL BWP based on network’s further indication. 

Comparing these two options, option 2 seems more flexible. After successfully decoding the Msg 3 of the UE, 
· for the DL data arrival case, if the gNB would like to switch the active DL BWP of the UE, the gNB could include the BWP ID of the target DL BWP in the DCI of Msg 4;

· for the UL data arrival case, if the gNB would like to switch the UL BWP of the UE, the gNB could include the BWP ID of the target UL BWP in the DCI of Msg 4.
Then after contention resolution is successful, if the BWP ID included in the DCI of Msg 4 is not the initial DL BWP/UL BWP’s ID, the UE would switch to the correct DL/UL BWP correspondingly. Otherwise, the UE would still keep the initial DL/UL BWP as the active BWP. So, for the BWP switching after RA is successfully completed, it would depend on the gNB’s implementation and the current signalling could well support that.
· Contention-free RA
As we proposed in [2] that PRACH is only configured on the initial UL BWP, the UE can only send the preamble on the initial UL BWP even for the contention-free RA.

After receiving the preamble from the UE, the gNB knows which UE is performing the RA procedure. Moreover, in last RAN1 meeting, it has been agreed that “In Pcell, for a UE, common search space for at least RACH procedure can be configured in each BWP”[3]. So, different from the CB RA, the available DL BWP for RAR transmission is not only initial DL BWP, but any DL BWP with RAR CORESET configured.
1) For the RA on PCell and PSCell, there could be two options for the RAR reception from the UE side in the case of paired spectrum.
·  Option 1: the UE receives the RAR on the initial DL BWP;
·  Option 2: the UE receives the RAR on the DL BWP that is active at the time of RA procedure initiation.
For Option 1, if the UE’s active DL BWP is not the initial DL BWP at the time of RA procedure initiation, the UE needs to perform the DL BWP switch. After receiving the RAR, the UE may need to perform another DL BWP switch in order to receive the DL data. For Option 2, these two DL BWP switching could be avoided. So, for the RA reception, we prefer Option 2.
2) For the RA on SCell, the RAR reception is on the PCell. Similar to RA on PCell or PSCell, the UE doesn’t need to perform any DL BWP switch on the PCell for RAR reception as CORESET for RAR can be configured on each DL BWP. On the SCell that UE is performing RA, the UE should also keep the DL BWP unchanged at the time of RA procedure initiation.
After receiving the RAR, the next question is to which UL BWP the UL grant of the RAR refers. There could also be two options.
· Option 1: the UL grant in the RAR refers to UL resource of the initial UL BWP where the UE sends the preamble by default. In other words, the UE always performs the transmission scheduled by the UL grant of the RAR on the initial UL BWP.

· Option 2: similar to Msg4 for contention based RA, the UL grant in the RAR explicitly indicates the UL BWP it refers to. In other words, the UE performs the transmission on the UL BWP indicated by the UL grant of the RAR.
Although Option 1 is simple and has no any specification impact, we see some scenarios where Option 2 is beneficial.
Scenario 1: Contention-free RA for PSCell addition. 

Scenario 2: Contention-free RA for SCell time alignment establishment.
In those scenarios, the UE needs to transmit UL data after RA procedure completion. So, it’s unquestionable that the UE should be able to use the UL grant of the RAR to transmit its data immediately after the RAR reception is successful. However, the initial UL BWP is a cell-specific BWP and its numerology may not be the one that mapped to the UE’s DRB having data available for transmission. So, if we use Option 1, the UL grant of RAR may be wasted and the UE can only start the UL transmission after the gNB send another DCI to switch it to the correct UL BWP. Therefore, we prefer option 2.
Based on the above discussion, the detailed contention-free RA procedure should be:

· The UE transmits the preamble on the PRACH of the initial UL BWP;
· Upon receiving the PDCCH order or the RRC message that triggers the RA, if the active UL BWP of the UE is not the UL BWP at the time of RA procedure initiation, the UE switches to the initial UL BWP.

· For RAR reception;

· If the RA is on PCell or PSCell, the UE receives the RAR on the DL BWP that is active at the time of RA procedure initiation.

· If the RA is on the SCell, the UE receives the RAR on the current active DL BWP of the PCell/PSCell. On the SCell, the UE should keep the DL BWP unchanged at the time of RA procedure initiation.
· The UL grant of the RAR indicates the ID of the UL BWP for the data transmission.
· UL transmission;

· For the contention-free RA, the UE interprets the BWP ID field in the UL grant as the UL BWP for the next data transmission. If the BWP ID refers to a UL BWP other than the initial UL BWP, the UE switches to that UL BWP.
Proposal 2: When contention free RA is triggered, the UE autonomously switches to the initial UL BWP (for paired spectrum case) or the DL/UL BWP pair (for unpaired spectrum) for the preamble transmission. 
Proposal 3: When contention free RA is triggered on the paired spectrum, the UE does not autonomously switch to the initial DL BWP.
Proposal 4: RAN2 assumes that the UL grant in Msg2 can indicate the UE to switch UL BWP.
Note that for the case of SUL, the serving cell may have one normal UL and an SUL, PRACH resources may be configured on both uplink carriers, but only one uplink carrier is selected for PRACH transmission. In this case, the UE switches to the initial UL BWP only for the UL carrier selected for RACH, for both contention based and contention free RA.
Proposal 5: For SUL case, for both contention based and contention free RA, the UE switches to the initial UL BWP only for the UL carrier selected for RACH.

2.2 PHR
Another issue regarding BWP is whether to trigger PHR when the active BWP is switched. BWP switch may cause frequency change, bandwidth change and numerology change. In case BWP switch only causes frequency change and/or bandwidth change, there should be no need to trigger a PHR, as the gNB should schedule uplink transmission on the new BWP based on previous PHRs reported from the old BWP. In case BWP switching results in numerology change, it should be up to RAN1/4 whether the gNB can estimate the PH based on previous PHR. RAN2 should consult with RAN1 on the need of new PHR triggering. 
Proposal 6: PHR is not triggered for BWP switch which only results in frequency and/or bandwidth change.

Proposal 7: RAN1/4 inputs are needed on whether PHR needs to be triggered for BWP switch with numerology change.
3 Conclusion

In this contribution, we discussed some remaining issues for BWP and had the following proposals.
Proposal 1: When contention based RA is triggered, the UE autonomously switches to the initial DL/UL BWPs (for paired spectrum) or the initial DL/UL BWP pair (for unpaired spectrum) for Msg1/Msg2/Msg3/Msg4 Tx/Rx.
Proposal 2: When contention free RA is triggered, the UE autonomously switches to the initial UL BWP (for paired spectrum case) or the DL/UL BWP pair (for unpaired spectrum) for the preamble transmission. 

Proposal 3: When contention free RA is triggered on the paired spectrum, the UE does not autonomously switch to the initial DL BWP.

Proposal 4: RAN2 assumes that the UL grant in Msg2 can indicate the UE to switch UL BWP.
Proposal 5: For SUL case, for both contention based and contention free RA, the UE switches to the initial UL BWP only for the UL carrier selected for RACH.

Proposal 6: PHR is not triggered for BWP switch which only results in frequency and/or bandwidth change.

Proposal 7: RAN1/4 inputs are needed on whether PHR needs to be triggered for BWP switch with numerology change.
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