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1. Introduction
As of 3GPP RAN1#90bis, part of basic agreements of BWP is summarized as follows.
Agreements: 

· Usage scenarios of BWP operation includes the following

· Enabling reduced UE bandwidth capability within a wideband carrier

· Enabling reduced UE power energy consumption by bandwidth adaptation

Agreements:
· Relationship between CA & BWP

· For each UE-specific serving cell, one or more DL BWPs and one or more UL BWPs can be configured by dedicated RRC for a UE
· FFS association of DL BWP and UL BWP
· FFS definition of an active cell in relation to DL BWP and UL BWP, whether or not there are cross-cell/cross-BWP interactions
Agreements:
· Initial active BWP

· There is an initial active DL/UL bandwidth part pair to be valid for a UE until the UE is explicitly (re)configured with bandwidth part(s) during or after RRC connection is established

· The initial active DL/UL bandwidth part is confined within the UE minimum bandwidth for the given frequency band

· FFS: details of initial active DL/UL bandwidth part are discussed in initial access agenda
Agreements:
· BWP activation/deactivation

· Activation by dedicated RRC signaling 

· Activation/deactivation by scheduling DCI with explicit indication

· Activation/deactivation by a timer for a UE to switch its active DL bandwidth part to a default DL bandwidth part

· The default DL bandwidth part can be the initial active DL bandwidth part defined above 

· Specify necessary mechanism to enable UE RF retuning for active bandwidth part switching

Agreements:

· For paired spectrum, DL and UL BWPs are configured separately and independently in Rel-15 for each UE-specific serving cell for a UE

· For active BWP switching using at least scheduling DCI, DCI for DL is used for DL active BWP switching and DCI for UL is used for UL active BWP switching

· FFS whether or not to support a single DCI switching DL and UL BWP jointly

· For unpaired spectrum, a DL BWP and an UL BWP are jointly configured as a pair, with the restriction that the DL and UL BWPs of such a DL/UL BWP pair share the same centre frequency but may be of different bandwidths in Rel-15 for each UE-specific serving cell for a UE

· For active BWP switching using at least scheduling DCI, DCI for either DL or UL can be used for active BWP switching from one DL/UL BWP pair to another pair

· Note: there is no additional restriction on DL BWP and UL BWP pairing

· Note: this applies to at least the case where both DL & UL are activated to a UE in the corresponding unpaired spectrum

As is BWP on licensed spectrum discussion, unlicensed band operation shows a boost requirement on enhanced BWP design for its own use. Basically, the most important matter is how to embed LBT mechanism into existing BWP procedures, although there is no conclusion on the need of mandatory LBT or on-demand LBT in future NR-U design. Based on this original motivation, in this paper, the following three statements are briefly explained on a higher point of view.
1. LBT implemented on carrier(s) (component carrier) or BWP(s)
2. Multiple active BWPs configuration

3. A LBT expiration timer for active BWP switching

2. Discussion 
LBT selection on CC/BWP 
From RAN1 perspective, maximum channel bandwidth per NR carrier is 400MHz in Rel-15. This agreement gives us a hint that such a large bandwidth can be used for one or several UEs while GB/s-level throughput is on demand, especially for DL transmission. Under such scenario, if on unlicensed spectrum, the maximum CCA channel bandwidth is confined to RF complexity and boost power consumption. Moreover, it is hardly envisioned that no other devices occupy part of the bandwidth within such a big range. Therefore, the bandwidth sensing granularity when doing CCA is prioritized for using configured BWP(s). On the other hand, CCA on CC is not totally excluded if considering the scenario that multiple UEs with different numerologies are scheduled simultaneously. For that case, different configured BWPs may almost fill in the CC, and CC-based CCA may have a chance to reduce the delay/complexity caused by doing CCA on each BWP respectively.
Proposal 1: BWP-based LBT is on the first priority for NR-U channel access, and CC-based LBT is for further study for the given scenario under different use cases. 
Multiple active BWPs (pairs) configuration
At the very beginning of the discussion, multiple BWPs configuration has been brought up for the sake of simultaneous transmission of data using different numerologies (dynamic scheduling). However, due to the limit of time unit and functionality supported in NR Rel-15, only one active BWP (pair) is agreed as the basic configuration for each transmission occasion. For licensed spectrum operation, it seems to be fine on the basis of scheduling efficiency in current version. Differently on unlicensed band, the uncertainty of the channel availability is the biggest issue, which requires enhanced mechanisms, such as multiple BWPs configuration, aimed for increasing the channel access possibility. For the regulation of friendly coexistence with other RATs, it is the reliability that determines the system performance and forward compatibility towards SA NR-U, and the increased probability of channel access just improves the system reliability, e.g., reliable data transmission and HARQ timing and flexible scheduling schemes. 
The following example (Figure 1) shows how multiple active BWPs are configured in the DL case. To align with licensed spectrum agreements, BWPs (pairs) are activated via RRC signaling and DCI, where a new field of multiple BWP indexes is signaled to UE as a potential DL reception bandwidth set. Within the set, UE attempts to receive the associated PDSCH. For a certain service type, different possible DCIs carry the same scheduling configuration except for the starting PRB/reference PRB. Through scheduling DCI, each configured BWP (pair) together with its channel access priority is ready to be signaled as soon as the channel is sensed idle. The marked priority number (p1, p2…on the upper right corner) determines the selection preference once CCA is completed simultaneously on different configured BWPs (pairs), which is considered as an implementation issue on the gNB side. Eventually, the service on one of multiple configured BWPs (pairs) is proceeded as DL transmission. To be compatible with further enhanced version, multiple BWPs (pairs) may be configured with different numerologies which can be activated at the same time.
In addition, DCI is required to contain the information of possible configured BWPs (pairs) for the next time DL/UL transmission, and of course, the signaling is not confined to scheduling DCI under the scenario of NR-LAA, where RRC and separate DCI could be alternatives on the licensed carrier operation. One apparent drawback of this mechanism is the boosting complexity of detecting and decoding on both ends, especially on the UE side. Therefore, the multiple BWPs (pairs) configuration should be an on-demand solution, which highly relies on UE capabilities.
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Figure 1: Multiple BWPs (pairs) configuration
Proposal 2: Multiple BWPs (pairs) configuration aimed for improving the channel access possibility is for further study with considerations on corresponding LBT mechanism and scheduling priority. 
LBT expiration timer for active BWP (pair) switching
It has been agreed that timer-based BWP activation/deactivation is an alternative while the BWP scheduling DCI is missed on UE’s reception for the purpose of UE power saving. Seeing figure 2, this can also be treated as a fallback mode when doing BWP switching to the default. Similarly, on NR unlicensed spectrum, it is necessary to reconsider the same strategy with the combination of channel availability sensing consequences. Based on the aforementioned timer, a few contents need to be corrected by adopting the following option. Redefine the activated/deactivated timer by considering the time unit spent on channel sensing, which means that the original counting period will be increased, i.e., Ttimer = TBWP + max(TLBT), where TBWP indicates the initial time length on licensed spectrum BWP timer design, and TLBT is specific for LBT time consumption statistics on unlicensed spectrum. One more attention should be paid on the timer alignment for gNB and UE triggering synchronous transmission and reception on the associated BWP(s). Some details about the new timer initialization and reset timing need to be further discussed.
Proposal 3: Enhanced timer design for active BWP(s) switching on NR unlicensed spectrum is required by considering continuous LBT failure.

[image: image2.emf]BWP1

BWP2

Frequency

Time

L

B

T

L

B

T

C

O

R

E

S

E

T

L

B

T

L

B

T

L

B

T

Default

BWP


Figure 2. Timer-based activated BWP switching
3. Summary
In this contribution, BWP procedures from the perspective of NR unlicensed spectrum operation are briefly discussed from three aspects, and each part only covers a few points under the discussion. The followings are the summaries based on our view points.

Proposal 1: BWP-based LBT is on the first priority for NR-U channel access, and CC-based LBT is for further study for the given scenario under different use cases. 
Proposal 2: Multiple BWPs (pairs) configuration aimed for improving the channel access possibility is for further study with considerations on corresponding LBT mechanism and scheduling priority.
Proposal 3: Enhanced timer design for active BWP(s) switching on NR unlicensed spectrum is required by considering continuous LBT failure. 
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