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1	Introduction
In RAN1 90b, significant progress has been achieved. Herein, we discuss the open issues that are essential for BWP operation in Phase 1 of NR: 
· Reagree proposals for PScell
· [bookmark: _Hlk498007161]Cross-BWP retransmissions in a cell
· PRACH configurations and CSS for RACH response in Pcell
· Details of timer that switches to Default BWP
· Support of zero-RA scheduling DCI to enable CSI measurements on different BWPs
· DCI formats and BWPs
· [bookmark: _Hlk498015036]Remaining aspects of common PRB indexing
· Details of BWP switching/activation procedure. 
[bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: _Hlk492205276]2	Remaining aspects of BWPs
In this section, we discuss the open issues which are essential for operation of BWPs in R15.

[bookmark: _Hlk494567990]PScell support 
So far, all agreements made under BWP agenda item has been only for Pcell, however in Phase 1, the NR cell group will operate as secondary cell group, and thus the spec needs to support BWPs also on PScell. In principle, all the agreements made so far should be equally applicable for PScell. 
Proposal-1: The agreements made for BWP operation made for Pcell are equally applicable for PScell. 
	
Cross-BWP retransmissions in a cell
In RAN1, it has been agreed that the maximum number of HARQ processes is configured per cell. RAN2 has agreed that processes are not flushed when switching BWPs. Furthermore, there would be a significant system benefit if the same process initiated on one BWP could be retransmitted on the other BWP. This would allow gNB to activate the wide BWP faster, as it would not need to wait until re-tx are finished on a narrow BWP. This resulting in better latency and better UE perceived TP overall. Therefore, at least for the case of the same numerology, which is the main use-case in R15, the cross-BWP re-tx should be supported. 
Proposal-2: The set of HARQ processes is common to all configured BWPs in a serving cell. 
· NR support cross-BWP retransmissions, at least for the BWPs with the same numerology. 
 

2.1  RACH operations
In the last meeting, it has been agreed that on a P(S)cell, each BWP can be configured with CSS for RACH response. We think that the same agreement can be made for PRACH resource. 
Proposal-3: In a P(S)cell, for a UE, PRACH can be configured in each BWP
· FFS whether or not there is any additional UE behaviour that needs to be specified

For PRACH we think the following behaviour should be adopted:
Proposal-4: In a P(S)cell, when PRACH is not present in the currently active UL BWP, a UE is allowed to autonomously retune to PRACH-default UL BWP which is the same as initial BWP. 
· Autonomous switch of UL BWP causes the TA timer to expire, UE is not allowed to transmit any other signals than PRACH. 
· UE continues on PRACH-default UL BWP after random access is completed. 
· FFS: Whether RACH-default BWP can be configured to be different than initial BWP

For RAR, the following behaviour should be adopted:

Proposal-5: A UE assumes that the contention-free RAR is transmitted on USS on the currently active BWP with C-RNTI

Proposal-6: When CSS is not present on the currently active BWP, a UE assumes that the contention-based RAR is transmitted on CSS of RAR-default DL BWP
· UE automatically switches to RAR-default DL BWP before the RAR window starts 
· UE continues monitoring the PDCCH on RAR-default DL BWP after random access is completed. 
· FFS: Whether RAR-default DL BWP can be configured to be different than initial DL BWP
[bookmark: _Hlk492203329]
Details of Default BWP timer
When operating PDSCH SPS together with default BWP timer we see the following three alternatives:
· Alt-1: the PDSCH SPS can be configured only on the default BWP, gNB operates the UE on default/initial BWP. 
· Alt-2: gNB configures PDSCH SPS resource on every BWP within the serving-cell. 
While Alt-1 requires less configuration than Alt-2, the Alt-2 provides more flexibility to operate BWP switching together with PDSCH SPS. Therefore, we propose the following 
Proposal-7: gNB can configure PDSCH SPS only on default/initial BWP or on all configured BWPs within the serving cell. If PDSCH SPS is configured to a UE only on default/initial, the UE does not expect to receive scheduling DCI indicating other BWP than default/initial BWP.
Furthermore, we need to decide on granularity of the Default BWP timer. We think that granularity of 1 slot is sufficient, and the maximum size should be somewhere around 50ms, i.e. independent of BWP numerology.  
Proposal-8: The granularity of default BWP timer is 1 slot, and the maximum timer configuration is 50ms.
Interaction of DRX with Default BWP timer (if any) should be left for RAN2 discussion. 



Support of zero-RA scheduling DCI to enable CSI measurements on different BWPs
The support of CSI measurements on non-active BWPs by means of measuring gaps has been currently under discussion. We think that for the main use-case of BWP switching between full band and narrow band (power saving), the out of active CSI measurements are not needed. For the use case of UEs with limited capability, we think that CSI instantaneous measurements on different BWPs, being sub-band of network carrier, would be anyway updated by the time they are used, also short-term measuring gaps would not be able to provide long term averages, for that purpose RRM measurements can be employed. Therefore, we conclude that there is no benefit from supporting CSI measurements out of currently active BWP and not even by means of zero-RA scheduling DCI.  
Observation-1: The CSI measurements on a non-active BWP in a cell have no benefit. Therefore, there is no need to support measuring gaps for CSI measurements nor zero-RA scheduling DCI.   
  
DCI formats and BWPs
On a BWP, the general DCI formats scheduling different BWPs should be clearly of the same size, to reduce the number of required BDs. The only question is whether DCI format sizes should be different when DCI formats are transmitted on different BWPs. 
For the case of UE with limited capability, the DCI formats would be the same as the UE would operate on the non-overlapping BWPs, being sub-bands of wideband network carrier. For the power saving use-case, there are two options 
· Alt1: The RA field in DCI is corresponding to the largest required RA-field size across the configured BWPs. 
· Alt2: The RA field in DCI is determined by the required RA-field size of the BWP where the DCI is transmitted.
The Alt 1 has two advantages. Firstly, the UE can be scheduled always in the full band of BWP by means of cross-BWP scheduling. The gNB may align CORESETs of narrow BWP and wide BWP, this enables the reliable BWP switching between narrow and wide BWP. The one disadvantage is that the DCI formats on the narrow BWP would be a little bit larger, but since wide BWP has large RBG size and narrow BWP has small RBG size, the difference will not be significant. For example, according our proposal on RBG sizes in NR [1], in the extreme case, if narrowest BWP would be 25 PRBs (5Mhz) with RBG=2 (Config 1) and the widest BW would be 270RB (50MHz) with RBG=16 (Config 2). Then the narrowest BWP would require 13bits for bitmap and the largest BW would require 17bits, which is relatively small difference, and performance due to padding would be negligible.
Proposal-9: The RA field in general scheduling DCI format is determined by the largest required RA-field size across the configured BWPs (Alt 1), DL BWPs for a DL assignment and UL BWPs for a UL grant. If the number of bits X required for scheduling the BWP is smaller than RA field size in scheduling DCI, the UE extracts X least significant bits of the RA field.  
In [2], we propose that the fall-back scheduling DCI does not support cross-BWP scheduling. Therefore, fall-back DCI format may operate according to Alt2. 
Common PRB indexing
In RAN1#90, it was agreed that a reference point for common indexing is PRB0. It stayed open whether the reference is commonly configured by broadcasted RMSI or by dedicated RRC signaling. In RAN1#90b it was agreed that the configuration should be made larger than 275PRBs, this should make the configuration future proof and such a configuration could be included in RMSI associated with the Pcell. 
Proposal-10: The PRB0 for common indexing in a P(S)cell is configured to a UE by RMSI associated with the P(S)cell in granularity of PRBs with numerology of the SSB associated with the P(S)cell. 

Further, in RAN1#90b, it has been agreed that BWP is configured using common RB indexing, using NR Type 1 RA with 1RB granularity. This means that BWP can be configured to start on any PRB of the common PRB grid for the given numerology. However, if different UEs have different BWPs and the RBG grid is based on user-specific PRB indexing, the whole advantage of common PRB grid is lost, as the RBGs of different UEs would not be nested. Similar hold for PRB bundling. Therefore, we think that the following needs to be agreed for R15 NR. 
Proposal-11: The PRB bundling grid and RBG grid is based on common PRB indexing, i.e. is aligned starting from PRB0 of the network carrier.  
 
Details of switching/activation procedure.
When a UE is instructed to retune to other BWP by means of scheduling DCI, after retuning, a UE needs to sync and adjust AGC, for that, some type of WB RS are required. However, as this directly introduces additional overhead and delay in data transmission, cases when such RS would be required should be carefully considered. 
The Tracking RS design in MIMO AI would be one candidate. The other candidate could be WB RS in a CORESET, which could be assumed by UE to be present within the configured CORESET of the freshly activated BWP. The advantage of reusing the WB RS of CORESET as TRS is reduction of RS overhead.      
Proposal-12: Consider adopting the CORESET WB RS as tracking RS for the activation of BWP.
Because BWP switching will be dependent on presence of some kind of tracking RS, we think that the time n between BWP switching command received in slot x and the first slot x+n, where gNB can schedule PDSCH should be defined in the slots, per given numerology. In addition, we would prefer that all chipsets support the same value n. The n value could be dependent on numerology. Discussion on value n should take place in RAN4. 
Proposal-13: The time n between BWP switching command received in slot x and the first slot x+n, where gNB can schedule PDSCH should be defined in the granularity of slots. Value n is up to RAN4.

For PUSCH similar needs to be agreed.

Proposal-14: The time m between BWP switching command received in slot x and the first slot x+m, where gNB can schedule PUSCH should be defined in the granularity of slots. Value m is up to RAN4.

3 Conclusions
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In this contribution, we have discussed aspects of BWPs. We have the following observations and proposals:
Proposal-1: The agreements made for BWP operation made for Pcell are equally applicable for PScell. 
Proposal-2: The set of HARQ processes is common to all configured BWPs in a serving cell. 
· [bookmark: _GoBack]NR support cross-BWP retransmissions, at least for the BWPs with the same numerology. 
Proposal-3: In a P(S)cell, for a UE, PRACH can be configured in each BWP
· FFS whether or not there is any additional UE behaviour that needs to be specified

Proposal-4: In a P(S)cell, when PRACH is not present in the currently active UL BWP, a UE is allowed to autonomously retune to PRACH-default UL BWP which is the same as initial BWP. 
· Autonomous switch of UL BWP causes the TA timer to expire, UE is not allowed to transmit any other signals than PRACH. 
· UE continues on PRACH-default UL BWP after random access is completed. 
· FFS: Whether RACH-default BWP can be configured to be different than initial BWP

Proposal-5: A UE assumes that the contention-free RAR is transmitted on USS on the currently active BWP with C-RNTI

Proposal-6: When CSS is not present on the currently active BWP, a UE assumes that the contention-based RAR is transmitted on CSS of RAR-default DL BWP
· UE automatically switches to RAR-default DL BWP before the RAR window starts 
· UE continues monitoring the PDCCH on RAR-default DL BWP after random access is completed. 
· FFS: Whether RAR-default DL BWP can be configured to be different than initial DL BWP
Proposal-7: gNB can configure PDSCH SPS only on default/initial BWP or on all configured BWPs within the serving cell. If PDSCH SPS is configured to a UE only on default/initial, the UE does not expect to receive scheduling DCI indicating other BWP than default/initial BWP.
Proposal-8: The granularity of default BWP timer is 1 slot, and the maximum timer configuration is 50ms.
Observation-1: The CSI measurements on a non-active BWP in a cell have no benefit. Therefore, there is no need to support measuring gaps for CSI measurements nor zero-RA scheduling DCI.   
Proposal-9: The RA field in general scheduling DCI format is determined by the largest required RA-field size across the configured BWPs (Alt 1), DL BWPs for a DL assignment and UL BWPs for a UL grant. If the number of bits X required for scheduling the BWP is smaller than RA field size in scheduling DCI, the UE extracts X least significant bits of the RA field.  
Proposal-10: The PRB0 for common indexing in a P(S)cell is configured to a UE by RMSI associated with the P(S)cell in granularity of PRBs with numerology of the SSB associated with the P(S)cell. 
Proposal-11: The PRB bundling grid and RBG grid is based on common PRB indexing, i.e. is aligned starting from PRB0 of the network carrier.  
Proposal-12: Consider adopting the CORESET WB RS as tracking RS for the activation of BWP.
Proposal-13: The time n between BWP switching command received in slot x and the first slot x+n, where gNB can schedule PDSCH should be defined in the granularity of slots. Value n is up to RAN4.

Proposal-14: The time m between BWP switching command received in slot x and the first slot x+m, where gNB can schedule PUSCH should be defined in the granularity of slots. Value m is up to RAN4.
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