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Introduction
In RAN1#91, it has been concluded that 
· remaining details of default BWP timer are discussed in RAN2
· transition times due to BWP switching are discussed in RAN4

The remaining aspects to discuss in RAN1 are 
· Support of zero-RA scheduling DCI 
· DCI formats on configured BWPs 
· Aligned RBG grid between different UEs
· Scell activation/deactivation triggered by BWP switching on Pcell 
· Aspects of HARQ-ACK transmission during/after UL BWP switching 
· Association of UL and DL BWP for TDD 


Remaining aspects of BWPs
[bookmark: _Hlk492205276][bookmark: OLE_LINK13][bookmark: OLE_LINK14]In this section, we discuss the remaining open issues for operation of BWPs in R15.	
On support of zero-RA scheduling DCI 

It was discussed whether zero-RA scheduling DCI can be used for BWP switching. First of all, DCI is designed for non-zero-RA scheduling as the normal case. Therefore, if we want to use zero-RA scheduling DCI, some specific state should be found to represent the zero-RA. With type 0 RA, zero-RA can be configured by setting all the bits to 0 in the bitmap for RA in frequency domain. While for RA in time domain, the number of consecutive symbols L could not be 0, otherwise the SLIV might be a negative value that is not allowed; in frequency domain, the length in terms of contiguously allocated virtual resource blocks  also could not be 0, otherwise the RIV might be a negative value that is not allowed and. Summarized in Table 1. 
Table 1. summary of RA used for zero-RA
	RA type
	Analysis
	Conclusion

	Type-0 RA
	For RA in frequency domain, ‘0000…0000’ as the bitmap for RA
	Possible

	Type-1RA, frequency domain
	
if  then


else 




where 1 and shall not exceed.
	Cannot be used for directly for zero-RA.

Reason:  cannot be 0, or RIV might be negative.

	RA time domain
	
if  then


else 



where
	Cannot be used for zero-RA.
Reason: L cannot be 0, or SLIV might be negative



Furthermore, it is not clear at the moment what is the behavior, when UE receives the scheduling DCI with Type-0 RA indicating all bits to be zero. Our understanding is that the UE would consider such a scheduling DCI as invalid. This current ambiguity could be fixed by the following text proposal: 
Proposal-1(Text proposal 36.214):
	If UE receives DCI format 1_1 with RA type0 field indicating all zeros, the UE assumes the DCI to be valid and transmits NACK according to indicated K0, SLIV, K1, and ARI fields. If UE receives DCI format 0_1 with RA type0 field indicating all zeros, the UE assumes this DCI as valid.  



On Scell activation/deactivation triggered by BWP switching on Pcell
According to the RAN1 agreements, a dedicated timer can be configured for timer-based activation of default DL BWP or default BWP pair. Furthermore, the following details has been agreed in RAN1 and RAN2:
· On Pcell, default BWP is the Intial BWP unless reconfigured and timer can be configured.
· On Scell, default BWP can be configured together with the dedicated timer. 
· Dedicated timer, upon expiry activates the default BWP. Timer is restarted by DL assignment for paired spectrum and both DL assignment and UL grant for unpaired spectrum.
The gNB can operate CA according to two scenarios.
· Scenario 1: no or small data available for transmission, gNB keeps only default BWP of Pcell alive to reduce the power consumption at the UE. At the same time, when data arrive, gNB wants to activate broad BW at Pcell and configured Scells to serve the peak data. This could be 
Scenario 2: data available for transmission, but gNB wants to offload traffic to Scell while keeps Pcell in default BWP. 
When gNB operates according to the Scenario 1, it could be beneficial to define a linkage between Pcell and Scell, illustrated in Figure 1, where switch to default BWP on the Pcell deactivates the Scell(s), while switch from default BWP will activate the Scell. This having an advantage, as single switching DCI may briskly activate (assuming that at least for intra-band CA the Scell activation is as fast as transition period of BWP adaptation) and deactivate the Scells. However, whether the Scell activation times will be similar to transition periods of BWP adaptation depends on RAN4 decisions. Therefore, we propose to wait for RAN4 decision, and return the linkage discussion afterwards.
[image: ]
Figure 1 Illustration for Scell’s activation/deactivation by Pcell adaptation

Observation-1: The advantages of deactivation of Scell by switch to default BWP on P(S)cell and activation of Scell by a switch from default BWP on P(S)cell are dependent on the pending RAN4 decisions. 
Proposal-2: Return to the discussion on support of Scell deactivation by switch to default BWP on P(S)cell and Scell activation by a switch from default BWP on P(S)cell, only after RAN4 decisions on Scell activation times.

On aspects of HARQ-ACK transmission during/after UL BWP switching
In the previous meeting, the following agreement has been achieved related to transmission of HARQ-ACK feedback due on BWP B but scheduled from BWP A for FDD (paired spectrum):
In the NR 91 meeting
Agreements:
· A UE is not expected to transmit HARQ-ACK if a UE’s active UL BWP is switched between the reception of the corresponding DL assignment and the time of HARQ-ACK transmission at least for the paired spectrum

Because of above agreement, ACK/NACK scheduled before switching DCI and falling into and after the transition period T of UL BW switching (i.e. retuning gap) will be dropped.

The agreed UE behavior has two issues:
· The dropping of ACK/NACK feedback, as agreed for FDD, is simple but not efficient solution because gNB has to schedule redundant HARQ retransmission for all impacted DL HARQ processes, regarding its 90% probability of successful decoding. 
· For TDD, there is one more issue with reusing the agreed FDD dropping solution. If the BWP-pair is adapted by switching DL assignment, the confirmation ACK would not be transmitted by the UE at all, it would be dropped. 

Therefore, we propose that at least for TDD, the HARQ-ACK bits are not dropped, but mapped instead on the
· Case 1: PUCCH resource and slot indicated by the BW switching DL assignment (Figure 2)
· Case 2: Piggy-backed on the PUSCH granted by the switching UL grant (Figure 3)


This can be shown on the examples in Figure 2 and 3, where we assume transition period T below 6GHz is 2ms, which corresponds to 4 slots of 30kHz spacing, starting immediately after the switching DCI is received and we also assume it works in TDD mode with 6-slot periodicity of the following configuration (DL, DL, DL, Unknown, UL, UL, UL) which is not aligned with NR, but used for illustration simplicity. 

Case 1: For BWP switching triggered DL assignment, the details are as follows: In the current active BWP, one switching DL assignment is received in the slot #n+1, while before that, in slot #n and #n-1, DL data is received already. If for PDSCH in slot #n, K1 (the PDSCH slot to PUCCH slot) is indicated as 3, which means HARQ-ACK should be transmitted in #n+3 slot on the preconfigured PUCCH resource. But during this transition period from #n+1 to #n+4 slot there should not be any data transmission between gNB and UE for RF’s retuning and ADC/DAC’s adjusting, etc. In such case, the UE transmits the UCI bits scheduled to slot #n+3 in slot #n+9, which is the slot indicated by fields K0+K1 in switching DL assignment.

Case 2: For BWP switching triggered by UL grant, the details are as follows: In the current active BWP, one switching UL grant is received in the slot #n+1, while before that in slot #n, DL data is received already. Same transition period exists as in above case. But since the switching UL grant is transmitted in #n+1 schedules PUSCH in slot n+5 (K1=4) in new UL BWP, the UCI bits falling in the transition period T are piggy-backed on that PUSCH.

Furthermore, if multiple UCI codebooks fall within the transition period T as shown in 2a, the UCI codebooks (one for each dropped PUCCH) could be mapped as sub-codebooks on PUCCH indicated by switching DL assignment, or piggy-backed on PUSCH scheduled by switching UL grant.






 Figure 2 HARQ-ACK transmission on PUCCH when BWP switching triggered by DL assignment(TDD)






 Figure 3 HARQ-ACK transmission on PUSCH when BWP switching triggered by UL grant(TDD)

Proposals-3: At least for TDD, when UL BWP is switched between the reception of the corresponding DL assignment and the time of HARQ-ACK transmission, HARQ-ACK bits are mapped on 
· PUCCH resource and slot indicated by the BW switching DL assignment by ARI and K1 
· Piggy-backed on the PUSCH granted by the switching UL grant 
	


On common RBG grid
[bookmark: _GoBack]In RAN1#90b, it has been agreed that BWP is configured using common RB indexing, using NR Type 1 RA with 1 RB granularity. This means that BWP can be configured to start on any PRB of the common PRB grid for the given numerology. And, in TS38.211-214 the RBG grid starts at PRB0 of each BWP, i.e. uses user-specific indexing. However, this is an issue, because the RBG grids of different UEs on different partially overlapping BWPs would not be nested any more, this resulting in inefficient multiplexing of users in on a network carrier. 
Therefore, we propose that RBG grid is common to all BWPs, similarly as numerology grid, or CORESET grid for CORESETs.
Proposal-4: The RBG grid of all BWPs configured in a cell starts at common PRB 0.  
As a consequence of Proposal-4, we propose the following text in 38.214 in section 5.1.2.2.1 and 6.1.2.2.1:
	Text proposal to TS38.214:









The total number of RBGs () for a downlink carrier bandwidth part of sizePRBs is given by where of the RBGs are of size P and if  then one of the RBGs is of size .  if the size of the , otherwise .

The size of the first RBG is, 

number of middle RBGs of size P is , and

the size of last RBG .

The bitmap is of size bits with one bitmap bit per RBG such that each RBG with at least one PRB is addressable. The RBGs shall be indexed in the order of increasing frequency and non-increasing RBG sizes starting at the lowest frequency of the carrier bandwidth part. The order of RBG bitmap is such that RBG0 to RBGNrbg-1 are mapped from MSB to LSB. The RBG is allocated to the UE if the corresponding bit value in the bitmap is 1, the RBG is not allocated to the UE otherwise.





On DCI formats and BWPs
In the previous meeting it has been agreed that on configurable DCI format 1_1 can trigger the switch of BWP. On a BWP, the DCI format 1_1 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 format is corresponding to the largest required RA-field size across the configured BWPs. 
· Alt2: The RA field in DCI format 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. 
Proposal-5: The RA field in DCI format 1_1 or 0_1 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.  

On BWP adaptation in TDD
RAN2 has decided that BWP configuration includes a list of UL and DL BWP IDs. And it seems to be intention of RAN2 to define restriction that for TDD, the UL and DL BWPs with the same ID have the same centre frequency:
-- The bandwidth parts for downlink. (see 38.211, 38.213, section 12)
[bookmark: _Hlk500798508]	downlinkBandwidthPartsToReleaseList			SEQUENCE (SIZE (1..maxNrofBandwidthParts)) OF BandwidthPartId		OPTIONAL,
	downlinkBandwidthPartsToAddModList			SEQUENCE (SIZE (1..maxNrofBandwidthParts)) OF DownlinkBandwidthPart	OPTIONAL,
	-- ID of the downlink bandwidth part to be used upon MAC-activation of an  SCell. If not provided, the UE uses the default BWP

	-- The bandwidth parts for uplink. In case of TDD uplink- and downlink BWP with the same bandwidthPartId are considered 
	-- as a BWP pair and must have the same center frequency. 
	uplinkBandwidthPartsToReleaseList			SEQUENCE (SIZE (1..maxNrofBandwidthParts)) OF BandwidthPartId		OPTIONAL,
	uplinkBandwidthPartsToAddModList			SEQUENCE (SIZE (1..maxNrofBandwidthParts)) OF UplinkBandwidthPart	OPTIONAL,
	-- ID of the uplink bandwidth part to be used upon MAC-activation of an  SCell. If not provided, the UE uses the FFS: default BWP

This means that UL and DL BWP with the same ID form a BWP-pair, and this relation is clearly one to one mapping.  
Proposal-6: BWPI in a DL assignment corresponds to index of DL BWP configured by RRC and BWPI in a UL grant corresponds to index of UL BWP configured by RRC

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(Text proposal TS36.214):
	If UE receives DCI format 1_1 with RA type0 field indicating all zeros, the UE assumes the DCI to be valid and transmits NACK according to indicated K0, SLIV, K1, and ARI fields. If UE receives DCI format 0_1 with RA type0 field indicating all zeros, the UE assumes this DCI as valid.  



Observation-1: The advantages of deactivation of Scell by switch to default BWP on P(S)cell and activation of Scell by a switch from default BWP on P(S)cell are dependent on the pending RAN4 decisions. 
Proposal-2: Return to the discussion on support of Scell deactivation by switch to default BWP on P(S)cell and Scell activation by a switch from default BWP on P(S)cell, only after RAN4 decisions on Scell activation times.
Proposals-3: At least for TDD, when UL BWP is switched between the reception of the corresponding DL assignment and the time of HARQ-ACK transmission, HARQ-ACK bits are mapped on 
· PUCCH resource and slot indicated by the BW switching DL assignment by ARI and K1 
· Piggy-backed on the PUSCH granted by the switching UL grant 

Proposal-4: The RBG grid of all BWPs configured in a cell starts at common PRB 0.  
	Text proposal to TS38.214:









The total number of RBGs () for a downlink carrier bandwidth part of sizePRBs is given by where of the RBGs are of size P and if  then one of the RBGs is of size .  if the size of the , otherwise .

The size of the first RBG is, 

number of middle RBGs of size P is , and

the size of last RBG .

The bitmap is of size bits with one bitmap bit per RBG such that each RBG with at least one PRB is addressable. The RBGs shall be indexed in the order of increasing frequency and non-increasing RBG sizes starting at the lowest frequency of the carrier bandwidth part. The order of RBG bitmap is such that RBG0 to RBGNrbg-1 are mapped from MSB to LSB. The RBG is allocated to the UE if the corresponding bit value in the bitmap is 1, the RBG is not allocated to the UE otherwise.




Proposal-5: The RA field in DCI format 1_1 or 0_1 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-6: BWPI in a DL assignment corresponds to index of DL BWP configured by RRC and BWPI in a UL grant corresponds to index of UL BWP configured by RRC
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