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1	Introduction 
In RAN1 #89, few agreements were achieved related to BW configuration and retuning mechanism:  
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In this contribution, we address the following aspects:
· BW configuration aspects in Section 2
· BW retuning mechanism in Section 3
· Co-existence of UEs on a wide carrier in Section 4
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2	BWP operation and configuration
The first open topic is the support of multiple active BWPs. We think that such a functionality is unnecessary and duplicating the functionality of already agreed intra-CA on a WB NW carrier. The main issue of the slow LTE CA is not the CC activation time itself, which is 8-24ms. Instead, the bottleneck is the configuration of CC and RRM measurements, which are required (in LTE) before the CC can be activated.  The solutions how to speed up the configuration and RRM measurements are currently discussed in RAN2, for more details please see e.g. [1]. On the other hand, for the case of sub-CCs on the WB NW carrier, it is not clear that RRM measurements would be strictly required before activation. Therefore, RAN1 can further discuss whether it would be beneficial and feasible to speed up the activation time by L1 signaling for this case. 
Observation-1: Already agreed intra-CA on the WB NW carrier together with fast CC activation provides the same functionality as multiple active BWPs for a UE. 
Proposal-1: Multiple active BWPs for a UE are not supported by NR. Support only single active BWP in DL and UL on a carrier.
The second open issue is whether configured BWPs can be associated with different numerology. We think that from a UE point of view, only a single numerology at a given time on a carrier should be supported. The main use-cases for BW adaptation are shown on the Figure 1, the power saving adaptation mode (on left) and load-balancing mode (on right). Both use-case benefits can be achieved while operating the same numerology for all BWPs of a UE.


Figure 1 The main use-cases of BW adaptation

In the previous RAN1 meeting, several companies motivated the support of different numerology per BWP, by use-case of switching between URLLC and eMBB traffic. However, we think that the mini-slot framework on a single BWP of single numerology is much better solution to different traffic-type multiplexing. Unlike switching between active BWPs, the mini-slot does not require any re-tuning gap and offers possibility of simultaneous transmission of eMBB and URLLC traffic to a UE. 
Observation-2: Employing mini-slots on a carrier is a better solution for URLLC than switching between BWPs with different numerology. 
Proposal-2: BWPs are associated with the same data numerology and control numerology configured to a UE. 
It has been agreed that a BWP is a continuous chunk of PRBs potentially with some reserved resources. Therefore, the BWP should be configured with start-stop/length allocation, where the granularity of length could be based on UE-specific configured RBG size. The start could be defined as offset to a reference e.g. lower edge of RMSI common BW. The lower-edge of RMSI common BW could serve as sync of the largest RBG operated by NW on the WB carrier. Therefore, it would be also sufficient to configure the BWP start offset in terms of UE-specific configured RBGs, if RBGs of different UEs operating on the carrier are nested.
Proposal-3: A BWP is configured with start-length RA, where start and length can be defined with the UE-specific configured RBG with respect to a reference, e.g lower edge of RMSI common BW.
The last remaining aspect of BWP configuration is the split between UL and DL. We think that if UL and DL BWPs are configured independently on a carrier. Each active DL BWP should carry PDCCH in a CORESET(s) which is(are) configured with the BWP (as agreed in RAN1#89) and PDSCH. Similarly, in UL, the active BWP carriers both UCI on PUCCH and data on PUSCH. 
Proposal-4: Active DL BWP carries both PDCCH and PDSCH, and active UL BWP carries both PUCCH and PUSCH. 

3	BWP adaptation mechanism
When considering dynamic switching between BWPs, we think that the same mechanism to address all use-cases should be specified, i.e. no difference between overlapping and non-overlapping BWPs, etc. We propose an adaptation mechanism, where 
· Each BWP contains a CORESET with at least user-specific search space (in some case the CORESET can be the same, implementation specific)
· A UE monitors a single DCI format size irrespective of active BWP. This is beneficial if an gNB configures identical CORESET for overlapping WB and NB parts, the retuning can be done seamlessly. In addition, in previous meeting we agreed that CORESET in one BWP can schedule any other BWP as well. To reduce the number of BDs a UE performs, a single DCI format size should be applicable irrespective of BWP being scheduled.
· The DCI format contains the following:
· BWP index (if >1 BWP is configured)
· RA field of the size agnostic to BWP size (i.e. # of PRBs)  

Proposal-5: A UE monitors a single DCI format size irrespective of the active BWP it operates on.
The following switching mechanisms between BWPs could be considered:
DL BWP switching 
Figure 1 shows a case of “load balancing” on the WB NW carrier with two configured BWPs. When gNB decides to switch the BWP1 to BWP2, it indicates the BWP2 index in the DCI transmitted on the PDCCH of BWP1 in slot n. The example assumes that the cross-slot scheduling has been used, because value of K (in this example) does not allow scheduling in the same slot. An gNB may duplicate the DCIs for the same resource on both BWPs, until receives an ACK or NACK for the PDSCH transmitted on the BWP2.
Observation-3: An gNB may (transparently) duplicate the DCIs on both BWPs (departure BWP and destination BWP) to increase reliability of dynamic switching.  
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Figure 2 DL BWP adaptation

On the other hand, the agreement from the previous meeting does not preclude that other grants could be scheduling data in the same slot of the same BWP, while UE is required to retune. Therefore, we propose that UE is not expected to receive also other DL assignments for other PDSCH while it is supposed to perform retuning. This can be formulated into the following proposal: 
Proposal-6: UE is not expected to receive DL assignments scheduling PDSCH on a BWP within K symbols after PDCCH of the BWP scheduled PDSCH on the other BWP.

UL BWP switching 
In RAN1 #89, a retuning gap of K symbols was agreed for BW adaptation in DL. This means that a UE cannot receive PDSCH on the BWP2, scheduled on a BWP1, earlier than K symbols from the scheduling DL assignment has been received on BWP1. We think that similar restriction should be specified for UL as well. This is shown on Figure 3 and can be formulated into the following proposal:
Proposal-7: UE is not expected to receive UL assignments scheduling PUSCH on one BWP within K symbols before a scheduled PUSCH transmission on the other BWP.

	


Figure 3 An example of switching between two BW UL parts.

4	On co-existence of CA NB UEs with WB UEs
When considering UEs with different BW-parts on a WB carrier, it is FFS how to unify DMRS/CSI-RS sequences of different UEs on the WB NW carrier. We think that the PDSCH DMRS sequence should not be user-specific, however, UE is configured with a single DMRS offset to a common sequence defined in specification. On the other side, similarly to LTE, there could be different pseudo-orthogonal sequences defined by a specification. 

Proposal-8: The PDSCH DMRS scrambling sequence is common to all UEs operating on the WB NW carrier, and UE is configured with a sequence offset relative to the lowest PRB of BWP1.

Similarly, to DMRS sequence offset, an offset to sub-band boundary is defined (see Figure 4).
Proposal-9: The sub-band grid is common to all UEs operating on the WB NW carrier, and UE is configured with a sub-band boundary offset relative to the lowest PRB of BWP1.

The remaining issue of BWP co-existence on WB NW carrier is PRB indexing. We suggest that PRBs are per BW part as shown in Figure 4. Figure 4 also illustrates the DMRS and sub-band offset. The DMRS offset is determined with respect to start of NW PRB grid with the PRB-size of the UEs numerology. In the example, the DMRS offset as well as sub-band offset is 1 RBG for BWP1. The sub-band offset is defined with respect to the lowest sub-band boundary, for BWP1 it is equal to 1. The PRB indices are BWP-specific.


Figure 4 Illustration of PRB indexing for two BW parts and DMRS sequence OFFSET

Proposal-10: The PRB indices of a BWP are BWP-specific.

5	Conclusion
In this contribution, we have discussed wide-band aspects of the NR and we have the following observations and proposals:
Observation-1: Already agreed intra-CA on the WB NW carrier together with fast CC activation provides the same functionality as multiple active BWPs for a UE. 
Proposal-1: Multiple active BWPs for a UE are not supported by NR. Support only single active BWP in DL and UL on a carrier.
Observation-2: Employing mini-slots on a carrier is a better solution for URLLC than switching between BWPs with different numerology. 
Proposal-2: BWPs are associated with the same data numerology and control numerology configured to a UE. 
Proposal-3: A BWP is configured with start-length RA, where start and length can be defined with the UE-specific configured RBG with respect to a reference, e.g lower edge of RMSI common BW.
Proposal-4: Active DL BWP carries both PDCCH and PDSCH, and active UL BWP carries both PUCCH and PUSCH. 
Proposal-5: A UE monitors a single DCI format size irrespective of the active BWP it operates on.
Observation-3: An gNB may (transparently) duplicate the DCIs on both BWPs (departure BWP and destination BWP) to increase reliability of dynamic switching.  
Proposal-6: UE is not expected to receive DL assignments scheduling PDSCH on a BWP within K symbols after PDCCH of the BWP scheduled PDSCH on the other BWP.
Proposal-7: UE is not expected to receive UL assignments scheduling PUSCH on one BWP within K symbols before a scheduled PUSCH transmission on the other BWP.
Proposal-8: The PDSCH DMRS scrambling sequence is common to all UEs operating on the WB NW carrier, and UE is configured with a sequence offset relative to the lowest PRB of BWP1.
Proposal-9: The sub-band grid is common to all UEs operating on the WB NW carrier, and UE is configured with a sub-band boundary offset relative to the lowest PRB of BWP1.
Proposal-10: The PRB indices of a BWP are BWP-specific.
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A greements:   •   Confirm the WA of RAN1#88bis.   •   Each   bandwidth part is   associated   with   a   specific   numerology   (sub - carrier spacing, CP type)      FFS: slot duration indication if RAN1 decides t o not to downselect between 7 symbol and 14 symbols for  NR slot duration   •   UE   expects at least one DL bandwidth part and one UL bandwidth part being   active   among   the   set of  configured bandwidth parts   for a given time instant.      A UE is only assumed to receive/ transmit within active DL/UL bandwidth part(s) using the associated  numerology      At least PDSCH and/or PDCCH for DL and PUCCH and/or PUSCH for UL      FFS: down selection of combinations      FFS if multiple   bandwidth parts with same or different numerologies can be   a ctive   for a UE  simultaneously       It does not imply that it is required for UE to support different numerologies at the same instance.      FFS: TB to bandwidth part mapping   •   The   active   DL/UL bandwidth part is not assumed to span a frequency range larger than the D L/UL bandwidth  capability of   the   UE   in a component   carrier.   •   Specify necessary mechanism to enable UE   RF   retuning   for bandwidth part switching  
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A greements:   •   In case of one active DL BWP for a given   time instant,    –   Configuration of a DL bandwidth part includes at least one CORESET.   –   A UE can assume that PDSCH and corresponding PDCCH (PDCCH carrying scheduling assignment  for the PDSCH) are transmitted within the same BWP if PDSCH transmission starts no  later than K  symbols after the end of the PDCCH transmission.   –   In case of PDSCH transmission starting more than K symbols after the end of the corresponding  PDCCH, PDCCH and PDSCH may be transmitted in different BWPs   –   FFS: Value of K (may depend on numerolog y, possibly reported UE retuning time, etc)    •   For the indication of active DL/UL bandwidth part(s) to a UE, the following options are considered (including  combinations thereof)   –   Option #1: DCI (explicitly and/or implicitly)    –   Option #2: MAC CE   –   Option #3: Tim e pattern (e.g. DRX like)   –   Details FFS  
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A greements:   •   Same PRB grid structure for a given  numerology is assumed for  narrow   band UEs, CA UEs and wideband  UEs with in a wideband NR carrier   •   FFS: PRB indexing  
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