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Introduction
The issues discussed in this contribution are: 
· BWP
· Impact of BWP-related RAN2 decisions on RAN1 specification
· BWP switching details in RAN1 specification
· BWP features
· CA
· Clarification on piggy-backing in CA
· Clarification on fall-back semi-static HARQ-ACK CB

[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Remaining aspects of BWPs
Impact of BWP related RAN2 decisions on RAN1 specification
In Montreal RAN2 Ad-hoc, RAN2 agreed on the following:
Agreement
1	RAN2 specs will support both option 1 and option 2. 
FFS: Whether either have capability or IoT bits.
=>	Both option 1 and option 2 will be supported as mandatory for the UE without capability bits.
Agreements
1:	Support configuring dedicated BWP (via either option 1 or option 2) in Msg4 for all cases (initial access, resume and re-establishment). This is applicable to PCells only.
2:	In all cases, UE does BWP switching immediately upon acting on the RRC (re)configuration. This is applicable to SpCells only.
3	Support switching SpCell BWP or reconfiguring SpCell BWP without RRC reconfiguration with sync. PSCell addition or change still requires reconfig with sync.

Before this, RAN2 had agreed on the following in RAN2#102 (May 2018), based on [1]:
Agreements
3: 	RAN2 understanding that the common part of initial BWP configured with the dedicated signalling should be the same as initial BWP configured with the MIB+SIB1.

And LS was sent from RAN2 to RAN1 in Montreal RAN2 Ad-hoc:
	RAN2 would like to thank RAN1 to their feedback on the possible options of bandwidth combination for initial BWP (Option 1 and 2 below).
[bookmark: _Hlk521441591]Option 1:	BWP-DownlinkCommon/UplinkCommon for initialDownlink/UplinkBWP (BWP ID #0) plus BWP-Downlink/Uplink for one configured downlink/uplinkBWP (BWP ID #1);
[bookmark: _Hlk520371924]Option 2:	BWP-DownlinkCommon/UplinkCommon and BWP-DownlinkDedicated/UplinkDedicated for initialDownlink/UplinkBWP (BWP ID #0).
Based on the RAN1 feedback that it is up to RAN2 to make a final decision, RAN2 agreed to support both options. Both options are supported for a UE capable of basic BWP operation with restriction (#6-1) as mandatory without IOT bit.



Unfortunately, the exact differences between Option 1 and Option 2 are not clear in the LS, apart from signaling elements. The basic difference seems to be the presence of BWP#1: With option 1, BWP#1 is configured, whereas with option 2, there is no BWP#1. In the following, we will express our understanding of Option 1 and Option 2, and the application of these options to Pcell and PScell. 
Current BWP signaling structure in RAN2
The RAN2 details of BWP signaling are detailed in [2] but here we will focus on information important to RAN1.
The most relevant information for RAN1 is that RAN2 RRC specification for SA [3] supports configuration of BWP-DownlinkCommon/UplinkCommon through ServingCellConfigCommonSIB which may redefine the initial DL BWP and define initial UL BWP to be used for random access. This initial DL and UL BWP, configured in SIB1, would be the only BWPs configured to a UE with Option 2. And, BWP-DownlinkCommon from SIB1 does not have to be the same as the one configured by MIB for SIB1 reception. Contrary, when initial DL/UL BWP is reconfigured in UE dedicated RRC, parameters configured in SIB1 cannot be changed, while some additional parameters (i.e. PUCCH/PUSCH/ConfiguredGrant/SRS/BFR configurations for UL and PDCCH/PDSCH/SPS/RLM configurations for DL) can be configured, because those are not configured in SIB1. Based on these observations, one can conclude that Option 2 is a subset of Option 1.  
Observation-1: SA RRC RAN2 specification supports redefinition of initial DL BWP. Redefined initial DL BWP is not restricted to be the same as initial DL BWP configured by MIB.   
Observation-2: When a BWP is configured via RRC signaling, the common parts of BWP#0 must indicate the same cell-specific parameters as are in the SIB1 (for NR SA only – note that for EN-DC, UE doesn’t receive SIB1). 
Observation-3: The per-UE parameters of initial BWP configured by UE-specific RRC (i.e. PUCCH/PUSCH/ConfiguredGrant/SRS/BFR configurations for UL and PDCCH/PDSCH/SPS/RLM configurations for DL) do not have SIB1 counterparts, so they have no restrictions in RRC configuration. 
Observation-4: BWP#1 can be configured for any UE regardless of its capabilities. Notably, option 1 can be used even with 6-1 UEs. Option 2 can be considered as a subset of Option 1.
The support of Option 2, as already concluded in RAN1#93, has an impact on RAN1 specification which will be discussed in the following sections:
Option 1 and Option 2 on a Pcell
Since Option 2 is a subset of Option 1 that focuses on BWP#0 only, we consider that first. With Option 2, network can “update” Initial DL BWP received from SIB1 with per-UE parameters. We will refer to it in the text as Initial DL BWP-SIB1, and respectively, we will refer to initial DL BWP configured by MIB as BWP-MIB and to initial DL BWP configured by per-UE parameters as BWP-RRC. The steps of initial access on Pcell for SA NR R15 UE can be summarized:
1. UE reads MIB and identifies Initial DL BWP-MIB, which is then used for SIB1 reception
2. UE reads SIB1 and identifies Initial DL/UL BWP-SIB1 (mandatory at least for Option 2) 
3. UE switches its active BWP to Initial DL/UL BWP-SIB1 (if Initial DL/UL BWP-SIB1 was configured)
4. UE performs random access based on its active UL and DL BWP
5. UE may receive dedicated BWP#1 config in MSG4 (only for Option 1), with indication to use this as the active BWP. In this case, UE switches to using the BWP#1 as its active BWP.
6. If UL BWP#1 is configured, UE transmits MSG5 on dedicated UL BWP #1 (Option 1); otherwise UE continues using UL Initial BWP-SIB1 (Option 2)
Observation-5: RAN1 specification has to be able to differentiate between Initial DL BWP-MIB and Initial DL BWP-SIB1
To avoid further disruption to UE features, Initial DL BWP-MIB should be fully nested in Initial DL BWP-SIB1.
Proposal-1: BW of Initial DL BWP-SIB1 includes BW of Initial DL BWP-MIB
Having two types of initial DL BWPs, the following questions shall be answered:
Q1: Would broadcast OSI/paging/RAR/etc. assume DCI format 1_0/0_0 size determination given the initial DL BWP-MIB or initial DL BWP-SIB1 size. Current RAN1 agreements reflect only existence of a single initial DL BWP known to a UE.
Q2: Would resource allocation start-PRB be the first PRB of the CORESET where DCI was received or first PRB of Initial DL BWP-SIB1?
On one hand, if DCI format size and start PRB for broadcast other than SIB1 and unicast scheduled by fall-back DCI would be determined by initial DL BWP-SIB1, the “other broadcast” could be scheduled on the full BW of the initial DL BWP-SIB1 known to all UEs. On the other hand, if RRC connected or idle UE would monitor for RMSI and OSI in the same slot, the number of DCI format sizes (to monitor) would increase. To avoid the increase of blind decodes, UE could choose whether to monitor for SIB1 DCI format size (based on DL BWP#0) or other broadcast DCI format size (based on DL BWP#0A) if monitoring of SIB1 and other broadcast collide. Therefore, we see two ways to go: 
· Alt. 1: Irrespective of whether Initial DL BWP-SIB1 is configured, the DCI format 0_0 and 1_0 is determined by Initial DL BWP-MIB configured by MIB and start-PRB for RIV interpretation if the lowest PRB of CORESET carrying the scheduling DCI (according to current agreements). 
· Alt. 2: Initial DL BWP-SIB1 determines the size of DCI format 0_0 and 1_0, scheduling broadcast PUSCH/PDSCH other than SIB1. 
· The start-PRB for RIV interpretation in DCI format 1_0 is the PRB#0 of DL BWP-SIB1 and BWP size for RIV interpretation is given by the size of DL BWP-SIB1, if active DL BWP includes initial DL BWP-SIB1, and PRB#0 of scheduling CORESET is the start-PRB for RIV interpretation otherwise. 
· UE does not monitor other-broadcast DCI format 1_0 /0_0 size when monitoring for SIB1 DCI format size.

Given that UE’s monitoring for DCI scheduling SIB1 is very infrequent and if UE needs to read SIB1 it should do it with the highest priority, we do have a preference towards Alt.2 which has clear benefit for delivery of other-broadcast as well as unicast scheduled with fall-back DCI format.
Proposal-2: RAN1 adopts Alt.2

TP for TS 38.214 in sub-clause 5.1.2.2
	…..
For a PDSCH carrying SIB1 scheduled with a DCI format 1_0 in any type of PDCCH common search space, regardless of which bandwidth part is the active bandwidth part, RB numbering starts from the lowest RB of the CORESET in which the DCI was received.
For a PDSCH not carrying SIB1 scheduled with a DCI format 1_0 in any type of PDCCH common search space, regardless of which bandwidth part is the active bandwidth part, RB numbering starts from the lowest RB of the initial DL BWP-SIB1 if DL BWP-SIB1 is included within the active DL BWP, otherwise starts from the lowest RB of the CORESET in which the DCI was received.
…..



TP for TS 38.214 in sub-clause 6.1.2.2
	…..
If a bandwidth part indicator field is not configured in the scheduling DCI, the RB indexing for uplink type 0 and type 1 resource allocation is determined within the UE's active carrier bandwidth part. If a bandwidth part indicator field is configured in the scheduling DCI, the RB indexing for uplink type 0 and type 1 resource allocation is determined within the UE's carrier bandwidth part indicated by bandwidth part indicator field value in the DCI, except for the case when DCI format 0_0 is decoded in the any Type0-PDCCH common search space in CORESET in which case the size of initial UL bandwidth part SIB1 shall be used. The UE shall upon detection of PDCCH intended for the UE determine first the uplink carrier bandwidth part and then the resource allocation within the carrier bandwidth part.
…..



TP for TS 38.212 in sub-clause 7.3.1.2.1
	…..

-	Frequency domain resource assignment –  bits

-	 is the size of the active DL bandwidth part in case DCI format 1_0 is monitored in the UE specific search space and satisfying
-	the total number of different DCI sizes monitored per slot is no more than 4 for the cell, and 
-	the total number of different DCI sizes with C-RNTI monitored per slot is no more than 3 for the cell

otherwise,  is the size of the initial DL bandwidth part SIB1 for PDSCH not carrying SIB1 and initial DL bandwidth part MIB for PDSCH carrying SIB1.
…..



Option 1 and Option 2 on pScell addition (EN-DC)
In case pScell addition (or HO), a gNB configures BWP(s) to a UE with dedicated RRC signaling: 
· Option 1: two BWPs, initial DL BWP (#0) and dedicated DL BWP (#1). 
· Option 2: one initial DL BWP (#0)
For SA HO, parameters of initial DL BWP-RRC (#0) have to be the same as in initial DL BWP-SIB1. EN-DC UE (where NR is SCG and NR-SIB1 is not read), the UE would be aware of only single initial DL BWP-RRC. Since initial DL BWP-SIB1 has to be the same as initial DL BWP-RRC, RAN1 specification should treat these two configurations as initial DL BWP-SIB1.   
Observation-6: Clarify in RAN1 specification that initial DL BWP-SIB1 can be configured by SIB or dedicated RRC by higher layer parameter ServingCellConfigCommonSIB or ServingCellConfigCommon. 

Corrections to BWP switching in RAN1 specification
In RAN1#92 in Sanya it was agreed that from RAN1 point of view, when BWP switching command is received, the UE is not expected to transmit or receive anything until slot indicated by K0 and K2 in the BWP switching DCI. 
 Agreements:
· A UE is not expected to receive DL signals or transmit UL signals during the transition time of active DL or UL BWP switch
· For DCI-based active BWP switch, from RAN1 perspective, the transition time of active DL or UL BWP switch is the time duration from the end of last OFDM symbol of the PDCCH carrying the active BWP switch DCI till the beginning of a slot indicated by K0 in the active DL BWP switch DCI or K2 in the active UL BWP switch DCI
· For timer-based active BWP switch, from RAN1 perspective, the transition time of active DL or UL BWP switch is the time duration from the beginning of the subframe (FR1) or from the beginning of the half-subframe (FR2) immediately after a BWP timer expires till the beginning of a slot UE is able to receive DL signals or transmit UL signals in the default DL BWP for paired spectrum or the default DL or UL BWP for unpaired spectrum

To our understanding this agreement has not been implemented in specification. Therefore, we suggest the following TP.
TP for TS38.213 sub-clause 12
	….
A UE expects to detect a DCI format 0_1 indicating active UL BWP change, or a DCI format 1_1 indicating active DL BWP change, only if a corresponding PDCCH is received within the first 3 symbols of a slot. 
A UE does not expect to receive DL signals or transmit UL signals between the end of last OFDM symbol of the PDCCH carrying the active BWP switch DCI till the beginning of a slot indicated by K0 in the active DL BWP switch DCI or K2 in the active UL BWP switch DCI.
A UE does not expect to receive DL signals or transmit UL signals from beginning of the subframe (FR1) or from the beginning of the half-subframe (FR2) immediately after a BWP timer expires till the beginning of a slot UE is able to receive DL signals or transmit UL signals in the default DL BWP for paired spectrum or the default DL or UL BWP for unpaired spectrum.
…..



Second issue is a correction to BWP procedure text. When BWP timer expires, the Scell is not deactivated, instead default BWP becomes active. 
TP for TS38.213 sub-clause 12
	….
If a UE is configured by higher layer parameter BWPbwp-InactivityTimer a timer value for the primary cell [11, TS 38.321] and the timer is running, the UE increments the timer every interval of 1 millisecond for frequency range 1 or every 0.5 milliseconds for frequency range 2 if the UE does not detect a DCI format 1_1 for PDSCH reception on the primary cell for paired spectrum operation or if the UE does not detect a DCI format 1_1 for PDSCH reception or a DCI format 0_1 for PUSCH transmission on the primary cell for unpaired spectrum operation during the interval [11, TS 38.321]. The UE may switch active BWP to a BWP with configured defaultDownlinkBWP-Id.
If a UE is configured by higher layer parameter BWP-InactivityTimer a timer value for a secondary cell [11, TS 38.321] and the timer is running, the UE increments the timer every interval of 1 millisecond for frequency range 1 or every 0.5 milliseconds for frequency range 2 if the UE does not detect a DCI format for PDSCH reception on the secondary cell for paired spectrum operation or if the UE does not detect a DCI format for PDSCH reception or a DCI format for PUSCH transmission on the secondary cell for unpaired spectrum operation during the interval. The UE may deactivate the secondary cell when the timer expires may switch active BWP to a BWP with configured defaultDownlinkBWP-Id.
…..



Basic BWP operation and BWP adaptation with dynamic switching
The UE features for BWP are the following:
	6. CA/DC, BWP, SUL
	6-1
	Basic BWP operation with restriction
	
1) 1 UE-specific RRC configured DL BWP per carrier
2) 1 UE-specific RRC configured UL BWP per carrier

3) RRC reconfiguration of any parameters related to BWP

4) BW of a UE-specific RRC configured BWP includes BW of the initial DL BWP and SSB for Pcell[/PScell] and BW of the UE-specific RRC configured BWP includes SSB for Scell if there is SSB on Scell

	
	6-1a
	BWP operation without restriction on BW of BWP(s)
	1) BW of UE-specific RRC configured BWP may not include BW of the initial DL BWP and SSB for PCell/[PScell] and BW of BWP may not include SSB for SCell

	
	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

[bookmark: _Hlk514747025]3) Active BWP switching by DCI and timer
4) Same numerology for all the UE-specific RRC configured BWPs per carrier
5) BW of a UE-specific RRC configured BWP includes BW of the initial DL BWP and SSB for Pcell[/PScell] and BW of the UE-specific RRC configured BWP includes SSB for Scell if there is SSB on Scell


	
	6-3
	Type B BWP adaptation with same numerology
	1) Up to 4 UE-specific RRC configured DL BWPs per carrier
2) Up to 4 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 a UE-specific RRC configured BWP includes BW of the initial DL BWP and SSB for Pcell[/PScell] and BW of the UE-specific RRC configured BWP includes SSB for Scell if there is SSB on Scell



Features 6-2 and 6-3, 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 is supported by feature 6-2 (see RAN2 configuration Option 1 in Section 2). It should be clarified that numerology of initial active BWP should be the same as numerology of 2 UE-specific RRC configured DL BWPs for feature 6-2 and similarly for features 6-3.
Proposal-3: Feature 6-2/6-3 (Type A/B BWP adaptation with same numerology): Clarify that the initial active BWP (configured by MIB, SIB1 and/or dedicated RRC) should be of the same numerology as numerology of UE-specific RRC configured DL BWPs.
 
Remaining aspects of CA
Smallest serving cell index and grant-based first rule interaction for piggybacking 
In the previous meeting, an additional rule on piggybacking has been agreed. The grant-based PUSCH prioritized over the grant-free (SPS). However, from the spec it is not clear how these two rules are related. Therefore, we suggest the following clarification. 
TS38.213 Sub-clause 9: 
	….
If a UE transmits multiple PUSCHs in a slot on respective serving cells that include first-type PUSCHs that are in response to detection by the UE of DCI format(s) 0_0 or DCI format(s) 0_1 and second-type PUSCHs configured by respective higher layer parameters ConfiguredGrantConfig, and the UE would multiplex UCI in one of the multiple PUSCHs, and the multiple PUSCHs fulfil the conditions in Subclause 9.2.5 for UCI multiplexing, the UE multiplexes the UCI in a PUSCH from the first-type PUSCHs. 
If a UE transmits multiple PUSCHs of the same type in a slot in response to detection by the UE of DCI format(s) 0_0 or DCI format(s) 0_1 on respective serving cells and the UE would multiplex UCI in one of the multiple PUSCHs and the UE does not multiplex aperiodic CSI in any of the multiple PUSCHs, the UE multiplexes the UCI in a PUSCH of the serving cell with the smallest ServCellIndex among the PUSCHs subject to the conditions in Subclause 9.2.5 for UCI multiplexing being fulfilled. If the UE transmits more than one PUSCHs in the slot on the serving cell with the smallest ServCellIndex that fulfil the conditions in Subclause 9.2.5 for UCI multiplexing, the UE multiplexes the UCI in the PUSCH that the UE transmits first in the slot.  
…..




Secondary HARQ-ACK CB and fall-back semi-static HARQ-ACK CB 
Assume a situation depicted in Figure 1, where gNB schedules to a UE PDSCH with Format 1_0 and sets C-DAI=1. With assumption that configured K1 values are {1,2,3,4}, would UE transmit fall-back semi-static HARQ-ACK CB of size one or full semi-static HARQ-ACK CB of size 4 in slot 4. We think that UE should transmit fall-back CB, while specification is not clear about it. It should be stressed, that UE should only check the number of received DL assignments indicating HARQ feedback to the slot where HARQ-ACK should be transmitted.  



Figure 1 An example of gNB scheduling

Test proposal 38.213 Sub-clause 9.1:
	…..
A UE reports HARQ-ACK information for a corresponding PDSCH reception or SPS PDSCH release only in a HARQ-ACK codebook that the UE transmits in a slot indicated by a value of a PDSCH-to-HARQ_feedback timing indicator field in a corresponding DCI format 1_0 or DCI format 1_1. The UE reports NACK value(s) for HARQ-ACK information bit(s) in a HARQ-ACK codebook that the UE transmits in a slot not indicated by a value of a PDSCH-to-HARQ_feedback timing indicator field in a corresponding DCI format 1_0 or DCI format 1_1.  
If the UE is provided higher layer parameter pdsch-AggregationFactor, [image: ] is a value of pdsch-AggregationFactor; otherwise, [image: ]. The UE reports HARQ-ACK information only for a last slot of the [image: ] slots. 
If a UE reports HARQ-ACK information in a PUSCH or a PUCCH in a slot only for a SPS PDSCH release or only for a PDSCH reception within the[image: ] occasions for candidate PDSCH receptions, as determined in Subclause 9.1.2.1, that is scheduled by DCI format 1_0 with a counter downlink assignment indicator (DAI) field value of 1 on the PCell, the UE determines a HARQ-ACK codebook only for the SPS PDSCH release or only the PDSCH reception; otherwise, the following procedures for a HARQ-ACK codebook determination apply. 
…..



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:
Impact of BWP related RAN2 decisions on RAN1 specification
Observation-1: SA RRC RAN2 specification supports redefinition of initial DL BWP. Redefined initial DL BWP is not restricted to be the same as initial DL BWP configured by MIB.   
Observation-2: When a BWP is configured via RRC signaling, the common parts of BWP#0 must indicate the same cell-specific parameters as are in the SIB1 (for NR SA only – note that for EN-DC, UE doesn’t receive SIB1). 
Observation-3: The per-UE parameters of initial BWP configured by UE-specific RRC (i.e. PUCCH/PUSCH/ConfiguredGrant/SRS/BFR configurations for UL and PDCCH/PDSCH/SPS/RLM configurations for DL) do not have SIB1 counterparts, so they have no restrictions in RRC configuration. 
Observation-4: BWP#1 can be configured for any UE regardless of its capabilities. Notably, option 1 can be used even with 6-1 UEs. Option 2 can be considered as a subset of Option 1.
Observation-5: RAN1 specification has to be able to differentiate between Initial DL BWP-MIB and Initial DL BWP-SIB1
Proposal-1: BW of Initial DL BWP-SIB1 includes BW of Initial DL BWP-MIB
Proposal-2: RAN1 adopts Alt.2
· Alt. 2: Initial DL BWP-SIB1 determines the size of DCI format 0_0 and 1_0, scheduling broadcast PUSCH/PDSCH other than SIB1. 
· The start-PRB for RIV interpretation in DCI format 1_0 is the PRB#0 of DL BWP-SIB1 and BWP size for RIV interpretation is given by the size of DL BWP-SIB1, if active DL BWP includes initial DL BWP-SIB1, and PRB#0 of scheduling CORESET is the start-PRB for RIV interpretation otherwise. 
· UE does not monitor other-broadcast DCI format 1_0 /0_0 size when monitoring for SIB1 DCI format size.

Observation-6: Clarify in RAN1 specification that initial DL BWP-SIB1 can be configured by SIB or dedicated RRC by higher layer parameter ServingCellConfigCommonSIB or ServingCellConfigCommon. 
BWP features
Proposal-3: Feature 6-2/6-3 (Type A/B BWP adaptation with same numerology): Clarify that the initial active BWP (configured by MIB, SIB1 and/or dedicated RRC) should be of the same numerology as numerology of UE-specific RRC configured DL BWPs.
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