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Introduction 
In this contribution, the remaining issues of BWP will be discussed. The list of issues to be discussed in this contribution is as follows:
· CSI measurement outside of active BWP
· BWP switching time
· BWP switching via DCI without scheduling allocation
· DCI design for cross-BWP scheduling
Remaining aspects of BWP operations
CSI measurement outside of active BWP 
In RAN1 90, the following agreement was made [1]. 
	Agreements:
· When a UE performs measurement or transmit SRS outside of its active BWP, it is considered as a measurement gap
· FFS: details of measurement gap configuration
· During the measurement gap, UE is not expected to monitor CORESET



There have been different understanding on the above agreement, which can be summarized as follows:
· Alt. 1) 
· A UE can perform CSI measurement outside of its active BWP via a measurement gap configuration
· All CSI-RS configurations must be confined in configured (not necessarily active) BWPs
· FFS: details of measurement gap configuration
· During the measurement gap, UE is not expected to monitor CORESET
· Alt. 2)
· A UE can only perform CSI measurement within its active BWP
· The CSI measurement outside of the current active BWP is performed via BWP switching.
The proponents of Alt. 1 are based on the reason that Alt. 1 is more efficient as it does not rely on BWP activation/deactivation DCI to switch the active BWP back and forth. The proponents of Alt. 2 are based on the following reasons:
· Do not see the strong motivation of frequent out-of-active-BWP CSI measurement.
· Traffic arrival cannot be predicted until it comes. Thus, some performance loss right after switching the BWP to a wider one is unavoidable in any case.
· The requirement of CSI measurements is not the same as that of RRM measurements. Accurate CSI measurements outside active BWP is very challenge.
· For reducing the latency of data transmission, it is better to let UE still monitor CORESET when switching to wideband BWP for possible data transmission.
· CSI measurement outside of active BWP can be supported with Alt. 2. 
· Similarly, we didn’t support CSI measurements for non-activated CC in LTE CA.
· Given the current proposed Alt. 1, the DL traffic on the current BWP will be interrupted during CSI measurement outside the active BWP as it is considered as a “measurement gap”.
· For CSI measurement via a measurement gap configuration, there are plenty of spec work for CSI measurement including reference resource of CSI acquisition, CSI reporting channel, any specific measurement restriction, reporting types, etc.
It is our understanding that both alternatives are the same from UE RF operation point of view, i.e., switching the active BWP to another one (whether we call it active BWP or just a BWP for CSI measurement) and switching back. On the other hand, with Alt. 1, the UE will be disconnected during the entire measurement gap duration. If traffic arrives during the measurement gap, the network has to wait until the UE comes back to the previous active BWP. With Alt. 2, the network can start serving the UE immediately during the measurement (if the UE is not in the process of RF retuning). Also, the BWP configuration itself will contain most of information needed for CSI measurement, i.e., no need for additional measurement gap configuration. Thus, Alt. 2 can be viewed as a simple and clear approach utilizing already agreed machineries, e.g., BWP configuration, BWP activation/deactivation mechanism, etc. 
Proposal 1: 
· A UE can only perform CSI measurement within its active BWP.
· The CSI measurement outside of the current active BWP is performed via BWP switching.
BWP switching time 
In RAN1 89, the following agreement was made regarding the BWP switching time [2]. 
	Agreements:
· 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 numerology, possibly reported UE retuning time, etc) 



With the DCI based activation/deactivation, there are two components of time consumption for BWP switching:
· A UE to decode the DCI to read the BWP switching command.
· A UE to perform the actual RF retuning. 
It is illustrated in the figure below. Note that the K symbol minimum gap between the PDCCH and the corresponding PDSCH in another BWP is subject to both baseband processing capability, i.e., PDCCH decoding time, and RF capability, i.e., retuning time. Note that both are dependent on the UE implementation.
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Figure 1. The anatomy of a UE’s BWP switching time

Observation 1: 
· The K symbol minimum gap between the PDCCH and the corresponding PDSCH in another BWP consists of both PDCCH decoding time and RF retuning time. 

Proposal 2: 
· The RF retuning time for BWP switching, i.e., K-N, is based on UE capability signalling, which is numerology dependent.

BWP switching via DCI without scheduling allocation
When the network wants to expand a UE’s BW, it will be the case that the network need to schedule data to the UE. Therefore, the BWP switching command will come with scheduling allocation. On the other hand, when the network wants to shrink a UE’s BW, it will be the case that there is no data to be scheduled to the UE. In such cases, the UE can be switched to a default BWP using the timer based BWP activation/deactivation mechanism. However, there are cases where BWP switching without scheduling allocation is needed, which are exemplified as follows:
· BWP switching for CSI measurement
· Fast switching to default BWP
Therefore, the following proposal is made. 
Proposal 3: 
· BWP switching via DCI with zero allocation is supported. 

DCI design for cross-BWP scheduling
When there is a BWP switching, a DCI in the current BWP needs to express resource allocation in the next BWP that the UE is expected to switch. Based on the NR design as of now, the resource allocation will be based on the UE-specific PRB indexing, which is per BWP. This means that the range of the PRB indices will change as the BWP changes. Note that the DCI to be transmitted in current BWP will be based on the PRB indexing for the current BWP, but that DCI needs to express the RA in the new BWP, which arouses a conflict. In order to resolve the conflict without significantly increasing UEs blind detection overhead, the following proposal is made. 
Proposal 4: 
· For a given DCI type, the DCI size and bit fields do not change per BWP. 

However, as the range of the PRB indices will change as the BWP changes, actually used bits among the total bit field for RA can be dependent on the used BWP. In interpreting the resource allocation bit field, the UE uses the indicated BWP ID that the resource allocation is intended. 
Conclusions
[bookmark: _GoBack]In this contribution, we discussed remaining details on BWP and the following observation and proposals were made:
Proposal 1: 
· A UE can only perform CSI measurement within its active BWP.
· The CSI measurement outside of the current active BWP is performed via BWP switching.
Observation 1: 
· The K symbol minimum gap between the PDCCH and the corresponding PDSCH in another BWP consists of both PDCCH decoding time and RF retuning time. 

Proposal 2: 
· The RF retuning time for BWP switching, i.e., K-N, is based on UE capability signalling, which is numerology dependent.
Proposal 3: 
· BWP switching via DCI with zero allocation is supported. 

Proposal 4: 
· For a given DCI type, the DCI size and bit fields do not change per BWP. 
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