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Introduction
The issues: 
· remaining details of default BWP timer are discussed in RAN2
· specification of transition times due to BWP switching are discussed in RAN4

The remaining aspects to be discussed in RAN1 aiming R15 completion are: 
· Remaining aspect of BWP switching DCI (interpretation of TYPE1 RA, enable re-scheduling of the first slot)
· Clarification on cross-numerology scheduling 
· Configurability of BWPI field in DCI 
· BWP features	
· Appendix: Fast CSI acquisition after BWP switch

[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Remaining aspects of BWPs
On design of BWP switching DCI
In RAN1#92b, the switching DCI WA assumption has been agreed with few clarifications
Agreements:
Confirm the following working assumption with updates:
· Sizes of all DCI bitfields in DCI formats 0-1 and 1-1 in USS determined by current BWP. Data transmitted on the BWP indicated by the BWP index. If the BWP index activates another BWP, transform as follows:
· Zero-pad too small bitfields to match the new BWP
· Truncate too large bitfields to match the new BWP
· The truncation is done from MSB (including the bit indicating the resource allocation type)
· Zero-padding is done for MSB

With TYPE1 RA, the restriction is illustrated on Figure 1, showing RIV values and corresponding start () and length () for 24RB BWP. If most significant bits of RIV value are set to 0, gNB can schedule only small allocations or full BW corresponding to low values of RIV. While small-allocations are sufficient for scheduling RAR (as in LTE), for regular scheduling after BWP switch it might be too restrictive. And the issue becomes more significant, if in addition to first PxSCH after switching this restriction applies also to all PxSCH scheduled by fall-back DCI as discussed in Section 3 of accompanying contribution [1].
[image: ]
Figure 1 RBstart and LRB to RIV mapping for 24RB BWP

Observation-1: Padding the RIV value with zeros results in undesirable pruning of start and/or length values. This might be sufficient for scheduling of RAR, but not for regular data channels.

Therefore, we propose a modification to WA for TYPE1 RA, where the DCI RA-bitfield is interpreted based on the shortened virtual BWP, as shown in Figure 2. The shortened virtual BW is determined given the size of the RA-bitfield b of the BWP where switching DCI is transmitted, as . The interpretation of RA bitfield according to size of virtual BWP’#1 allows for larger allocations compared to interpretation according to the size of BWP#0.



Figure 2 TYPE1 - proposed - with shortened virtual BWP size

[bookmark: _Hlk505962253]Proposal-1: For TYPE1 RA in switching DCI, reinterpret the too small bitfield of size b based on virtual BWP size which is determined by.

On the other hand, the first slot after transition period could be scheduled from the new BWP instead, but it cannot be, because UE would be mandated to process two PDSCH at the same time, which can be part of UE’s optional capability, but not a mandatory feature (open issue). One possible way to tackle this issue is to support zero-RA “dummy” scheduling DCI for switching, but it was objected by several companies in RAN1#92b. Other possible way to enable unrestricted scheduling could be to support BWP switching scheduling DCI override. The override could be formulated correspondingly: If UE receives DCI 1_1 or DCI 0_1 scrambled with C-RNTI for slot indicated by K0 or K2 in BWP switching DCI 1_1 or DCI 0_1, respectively, the UE does not transmit ACK/NACK nor PUSCH triggered by the switching DCI. Note that override of older DCI by earlier DCI is also discussion in URLLC AI.   
Proposal-2: If UE receives DCI 1_1 or DCI 0_1 scrambled with C-RNTI for slot indicated by K0 or K2 in BWP switching DCI 1_1 or DCI 0_1, respectively, the UE is not expected to transmit ACK/NACK nor PUSCH triggered by the switching DCI, and follows the received DCI.  

[bookmark: _Hlk513827897]Clarification on cross-numerology scheduling
NR R15 supports, feature 6-4 (BWPs of different numerology within a serving cell) as well as feature 6-9 (Different numerologies across carriers within the same PUCCH group). In feature 6-4, BWP-switching DCI transmitted on one BWP schedules shared channel on another BWP of different numerology. Similar situation arises for the case of cross-carrier scheduling between BWPs of different numerology on scheduled and scheduling serving cells. To our understanding, there is no agreement on definition of the reference slot for K0, K1 and K2 for cross-numerology scheduling. Even though, specifications TS38.213, TS38.214 already contain a definition for at least K0 and K2.    

For interpretation of K0, the section 5.1.2.1 of TS38.214 (similar is captured for K2 in 6.1.2.1) writes:

When the UE is scheduled to receive PDSCH by a DCI, the Time domain resource assignment field value m of the DCI provides a row index m + 1 to an allocation table. The determination of the used resource allocation table is defined in sub-clause 5.1.2.1.1. The indexed row defines the slot offset K0, the start and length indicator SLIV, or directly the start symbol S and the allocation length L, and the PDSCH mapping type to be assumed in the PDSCH reception.
Given the parameter values of the indexed row:



-	The slot allocated for the PDSCH is , where n is the slot with the scheduling DCI, and K0 is based on the numerology of PDSCH, and  and are the subcarrier spacing configurations for PDSCH and PDCCH, respectively, and .
…..

Therefore, given the above specification text, for 
· the case of scheduling from low SCS to large SCS, the scheduled reference slot is the first slot of group of slots of large SCS overlapping with scheduling slot of low SCS 
· the case of scheduling from large SCS to low SCS, the scheduled reference slot is the slot of low SCS overlapping with the scheduling slot of large SCS  
Furthermore, it should be noted that the lowest K0 or K2 index that can be indicated by gNB in a scheduling DCI depends on the minimum processing time. We think that current mechanism as defined in specification is clear and reasonable, and no further discussion is needed on this aspect in the meeting.
Observation-2: Current definition of reference slot for K0 and K2 interpretation in cross-numerology scheduling case, in the specifications, is sufficient and clear. No further discussion is needed on this aspect in the meeting.
On the other hand, to our understanding, the definition of reference slot for interpretation of K1 in TS38.213 is currently missing. We think that the determination of reference slot shall follow the same principle as for K0 and K2:
Proposal-3: The reference slot for interpretation of K1 follows the same principle as for interpretation of K0, K2.

[bookmark: _Hlk510452389]On configurability of BWPI field in DCI
The original feature of BWP was design to always support BWP switching by scheduling DCI. And, there is no agreement on support of configurability of BWPI field presence in DCI, nor such a parameter exists in RAN2 spec. Later, the baseline mandatory feature was introduced (as part of feature discussions) not supporting DCI-based BWP switching. And, RAN1 specification editors added the configurability to RAN1 specifications, which is clearly essential, because DCI-based BWP switching might not be supported by all R15 UEs. Therefore, we propose: 
Proposal-4: Introduce RRC parameter for configuration of BWPI field presence in the DCI 1_1 and 0_1, inform RAN2 about the decision.
Basic BWP operation and BWP adaptation with dynamic switching
	6-1
	Basic BWP operation
	1) 1 UE-specific RRC configured DL BWP per carrier
2) 1 UE-specific RRC configured UL BWP per carrier

2) RRC reconfiguration of any parameters related to BWP
	

	6-2
	Type A BWP adaptation with same numerology
	1) Up to 2 UE-specific RRC configured DL BWPs per carrier
2) Up to 2 UE-specific RRC configured UL BWPs per carrier
3) Active BWP switching by DCI and timer
4) Same numerology for all the UE-specific RRC configured BWPs per carrier
5) BW of each BWP includes BW of the same initial DL BWP if there is an initial DL BWP in a carrier
	6-1



The above feature 6-2, seems to be the next implementation delta from the mandatory feature 6-1. And we think that it should be clarified what scenarios should be supported with this optional feature. To our understanding, feature 6-2 supports 2 dedicated BWPs plus initial active BWP, i.e. switching DCI based switching between 3 BWPs total. Therefore, it should be clarified that numerology of initial active BWP should be the same as numerology of 2 UE-specific RRC configured DL BWPs.
[bookmark: _GoBack]Proposal-5: Feature 6-1/6-2: Clarify that the initial active BWP (configured by MIB or dedicated RRC) should be of the same numerology same as numerology of 2 UE-specific RRC configured DL BWPs.
The next point to clarify is the FFS: BW of each BWP includes BW of the same initial DL BWP if there is an initial DL BWP in a carrier. We think that the condition could be formulated differently, for example by saying “Each BWP in a Pcell or PScell includes an SSB”, which would enable more flexibility for the feature. 
Proposal-6: Feature 6-2: Replace the text “BW of each BWP includes BW of the same initial DL BWP if there is an initial DL BWP in a carrier” with “Each DL BWP in a Pcell or PScell includes an SSB”.
Furthermore, one clarification is needed for the mandatory feature 6-1, which allows different numerology between initial BWP and the dedicated RRC configured BWP. It is not clear whether default BWP timer (as a form of dynamic BWP switching) is supported in this baseline feature or not. 
Proposal-7: Feature 6-1: Clarify whether default BWP timer based dynamic switching is supported. 


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:
Observation-1: Padding the RIV value with zeros results in undesirable pruning of start and/or length values. This might be sufficient for scheduling of RAR, but not for regular data channels.

Proposal-1: For TYPE1 RA in switching DCI, reinterpret the too small bitfield of size b based on virtual BWP size which is determined by.
Proposal-2: If UE receives DCI 1_1 or DCI 0_1 scrambled with C-RNTI for slot indicated by K0 or K2 in BWP switching DCI 1_1 or DCI 0_1, respectively, the UE is not expected to transmit ACK/NACK nor PUSCH triggered by the switching DCI, and follows the received DCI.  
Observation-2: Current definition of reference slot for K0 and K2 interpretation in cross-numerology scheduling case, in the specifications, is sufficient and clear. No further discussion is needed on this aspect in the meeting.
Proposal-3: The reference slot for interpretation of K1 follows the same principle as for interpretation of K0, K2.
Proposal-4: Introduce RRC parameter for configuration of BWPI field presence in the DCI 1_1 and 0_1, inform RAN2 about the decision.
Proposal-5: Feature 6-1/6-2: Clarify that the initial active BWP (configured by MIB or dedicated RRC) should be of the same numerology as numerology of 2 UE-specific RRC configured DL BWPs.
Proposal-6: Feature 6-2: Replace the text “BW of each BWP includes BW of the same initial DL BWP if there is an initial DL BWP in a carrier” with “Each DL BWP in a Pcell or PScell includes an SSB”.
Proposal-7: Feature 6-1: Clarify whether default BWP timer based dynamic switching is supported. 
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Appendix - On CSI operation for BWP 
NR supports in R15 three types of CSI reports as shown in Table 1
Table 1 Triggering/Activation of CSI Reporting for the possible CSI-RS Configurations from 38.214
	CSI-RS Configuration
	Periodic CSI Reporting
	Semi-Persistent CSI Reporting
	Aperiodic CSI Reporting

	Periodic CSI-RS
	No dynamic triggering/activation
	For reporting on PUCCH: the UE receives an activation command [10, TS 38.321]; for reporting on PUSCH the UE receives triggering on DCI
	Triggered by DCI; additionally, activation command [10, TS 38.321] possible as defined in Subclause 5.2.1.5.2.

	Semi-Persistent CSI-RS
	Not Supported
	For reporting on PUCCH, the UE receives an activation command [10, TS 38.321]; for reporting on PUSCH the UE receives triggering on DCI
	Triggered by DCI; additionally, activation command [10, TS 38.321] possible as defined in Subclause 5.2.1.5.2.

	Aperiodic CSI-RS
	Not Supported
	Not Supported
	Triggered by DCI; additionally, activation command [10, TS 38.321] possible as defined in Subclause 5.2.1.5.2.



For fast acquisition of CSI, after the BWP switch, gNB may trigger an A-CSI report based on Aperiodic CSI-RS and IMR as illustrated in Figure 3, where after the transition period (4 blue slots) triggered by DL assignment, a gNB triggers by a separate UL grant on the new BWP a CSI measurement in the same slot and CSI is reported on PUSCH triggered by the UL grant in the first UL slot after the switch (in this example). For BWP switch by UL grant, the CSI report can be triggered by the switching DCI itself, as shown in Figure 4, gNB carefully configuring the “offset” of the CSI measurement and signaling of “K2” time domain allocation of PUSCH.




Figure 3 Fast acquisition of CSI in R15, BWP switch by DL assignment



Figure 4 Fast acquisition of CSI in R15, BWP switch by UL grant

In R15, a mandatory BWP feature is a support of one dedicated BWP activated by RRC. And the next implementation step would be the support of two properly nested dedicated BWPs switched by DCI (power saving scenario). A gNB operating this power-saving scenario may reuse the previously active BWP CSI to schedule data on the active BWP after the transition period. In addition, gNB can make use of mechanism shown in Figure 3 and 4 for fast CSI acquisition if necessary. Therefore, we think that no additional mechanism is required for fast CSI acquisition on the active BWP after switching transition period in R15. On the other hand, in R16 the benefits of fast CSI acquisition optimized for the BWP switching should be studied.  
Observation-5: In R15, no additional mechanism is required for fast CSI acquisition on the active BWP after switching transition period. In R16, study the benefits of fast CSI acquisition optimized for the BWP switching. 
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