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1 Introduction
In the last few RAN1 meetings, bandwidth parts were discussed and a number of agreements to define the characteristics and how to use bandwidth parts were reached.  In particular the following agreements from the RAN1 #90 meeting in May and the NR Ad-Hoc #2 in June were reached:
	From RAN1 #90:
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) 
· 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: Time pattern (e.g. DRX like)

· Details FFS


	From RAN1 NR-AH #2:
Agreements:
· Activation/deactivation of DL and UL bandwidth parts can be
· by means of dedicated RRC signaling 
· Possibility to activate in the bandwidth part configuration
· by means of DCI (explicitly and/or implicitly) or MAC CE [one to be selected]
· by means of DCI could mean
· Explicit: Indication in DCI (FFS: scheduling assignment/grant or a separate DCI) triggers activation/deactivation
· Separate DCI means DCI not carrying scheduling assignment/grant
· Implicit: Presence of DCI (scheduling assignment/grant) in itself triggers activation/deactivation
· This does not imply that all these alternatives are to be supported. 
· FFS: by means of timer 
· FFS: according to configured time pattern
Agreements:
· Primary focus is to complete the single active bandwidth part case
· If time is available later after completing the single active bandwidth part case, following cases should be considered for UE

· For a single carrier WB UE, multiple active bandwidth parts with different numerologies are configured for a UE simultaneously

· One TB is mapped per each active BWP. 

· FFS: The multiple active BWPs may overlap in frequency domain.

· FFS: Cross-BWP scheduling is supported.




In this contribution, we address the highlighted FFS from the past agreements, more specifically we address the details of the activation/deactivation mechanism for the single active bandwidth part case and discuss the details related to the configuration of the UE allowed retuning time.
2 Discussion
2.1 Bandwidth Part Activation and Deactivation
In the context of a single active BWP, activation/deactivation of a BWP is equivalent to a change of BWP.  In our view, a change of BWP serves two different purposes: it enables power savings at the UE and it provides flexibility for the network to manage radio resources in wide bandwidth operations via change of center frequency.  

As we discussed previously in [1], our view is that changes of bandwidth part for the purpose of radio resource management (i.e. with change of center frequency) do not require such dynamic control and can be achieved with RRC signaling.  On the other hand fast BWP changes (i.e. between BWP not requiring change of center frequency) should be used for the purpose of UE power saving and can be implemented with dynamic BWP activation and deactivation.

We observe here that such bandwidth adaptation mechanism has similar objectives and functionality as UE DRX.  While in UE DRX power saving is achieved by reducing the time where the UE monitors the control channel, using bandwidth adaptation in NR has the potential to further reduce the UE power consumption, in particular when the reduction of bandwidth is significant.  For UE power savings purposes, only two BWP may be needed in practice (a low bandwidth to monitor the CORESET, and a wider bandwidth to receive data).  Due to the similarity with DRX, it would be reasonable that the UE has the functionality to activate/deactivate such BWP based on similar rules as DRX.
Observation 1:
Power saving can be achieved with dynamic change of BWP.
Observation 2: 
Activation/deactivation of BWP for power saving should be based on similar rules as DRX.
DRX is based on the scheduling activity; in periods of activity, the UE monitors constantly the control channel, whereas in periods of inactivity the UE monitors the control channels only periodically.  Similarly for dynamic activation/deactivation of BWP, the UE should at least have the possibility to activate/deactivate a BWP based on reception of a DCI.
Proposal 1:
Activation/deactivation of bandwidth parts at least by means of DCI is supported.

An explicit indication in the DCI (or a special DCI) supports the case where one of multiple BWP may be activated/deactivated by the network.  At least to support the UE power saving case where in our view there is no need to support more than two BWP configurations (e.g. narrowband and wideband), such functionality in practice may not be needed and the presence of a DCI (i.e. implicit) may be sufficient to trigger a change of bandwidth part.  This approach is in line with UE DRX.

Proposal 2:
Support implicit DCI indication at least for the purpose of UE power saving for the single BWP active case.

To enable the UE for power saving when not actively receiving data, the UE should change its BWP (to a reduced bandwidth) implicitly.  This approach is used in DRX as it reduces the signaling overhead.  In practice this can be achieved via the use of an inactivity timer.
Proposal 3:
Activation/deactivation of bandwidth parts based on an inactivity timer is supported.

To ensure a unified approach for UE power saving, RAN1 should also inform RAN2 that dynamic change of BWP is supported in RAN1 and should be taken into considerations in designing DRX.

Proposal 4:
Inform RAN2 that dynamic activation/deactivation of BWP is supported for UE power savings and should be taken into considerations when designing UE DRX.

2.2 Gap and Retuning Time Configuration
The retuning time needed for a change of BWP depends largely on whether a change of center frequency is needed.  We note that in practice not all cases of change of BWP with different center frequency require the UE to change the receiver center frequency; for instance when changing between two different BWP with slightly different center frequencies the UE may simply increase its total bandwidth to cover the larger BWP and perhaps slightly beyond.  Thus in practice the retuning time depends not only on whether the new BWP has a different center frequency but also on UE capabilities and implementations.
In view of this, it appears that the actual retuning gap required between change of BWP is linked to UE implementation.  Thus the value of K in practice should probably depend on the source and target BWP.  Furthermore the value of K is currently agreed as in terms of symbols, whereas the retuning time would be in terms of absolute time (e.g. µs).  Thus not only the value of K depends on whether the UE implementation requires a change of center frequency but it also depends on the BWP numerology or more specifically on the symbol time.

Observation 3:
The value of K depends on UE implementation, symbol time/numerology and source/target BWP.
At this point it would be difficult to determine all possible combinations of BWP changes and associated numerologies.  It would also be unreasonable to configure a fixed (and conservative) value for K (e.g. equivalent to 200 µs according to [2]) as it would make the retuning gap overhead significant compared to the scheduling interval (i.e. slot).  Furthermore, for large subcarrier spacing, a 200 µs gap may span multiple slots.  The actual overhead for 20 µs and 200 µs retuning gap durations are shown for various subcarrier spacing in Table 1.  It can be easily observed that for 200 µs retuning gap a whole slot would be lost by retuning and this would not be very efficient at least for power saving purposes with frequent changes.
Table 1: Retuning Gap Overhead

	SCS
	20 µs Retuning Gap
	200 µs Retuning Gap

	
	# of symbols
	% of slot
	# of symbols
	% of slot

	15kHz
	1
	7%
	3
	21%

	30kHz
	1
	7%
	6
	43%

	60kHz
	2
	14%
	12
	85%

	120kHz
	3
	21%
	24
	170%


A more reasonable approach could be to allow for two possible values of gap times – one (long) gap value for RRC signaling-based BWP activation/deactivation and one (short) gap value for UE autonomous BWP activation/deactivation (i.e. for small change of center frequency and for power saving purposes).  One issue here is that RAN4 would likely need to determine requirements on retuning time for small changes in BWP center frequencies, and what may be considered a small change in BWP center frequency.  Note here that a UE implementation not capable of retuning during the retuning gap may simply keep its receiver at the wideband configuration without impacting system functionality.
Another approach could be to allow configurable retuning time (from a fixed set of values) and let the UE indicate to the network its required retuning time, for example based on the configured BWPs.  There are several ways this can be achieved.
Direct approach

In the direct approach, the UE indicates to the network the value of K directly based on the configured BWPs.  If more than two BWPs are configured, the UE could indicate multiple values of Ks (e.g. for each pair) or the longest retuning time of all combinations.

The network may then configure the UE with a gap to account for the indicated retuning time.  To reduce design complexity a few values of gap/retuning time would need to be specified.

Indirect approach

In the indirect approach, the network configures the UE with BWP and associated gap.  The UE may then reject the configuration and indicate the value(s) of K if its implementation cannot retune within the configured time gap.  The advantage of the indirect approach is that over time the network may remember the retuning time for a particular configuration for a device, thus leading to a reduced overhead.
This approach has the advantage of also being more flexible for the future as RAN4 has not yet studied what retuning times are needed for above 6GHz (see [2]).

Based on this discussion, we propose to support configurable retuning gap at least for dynamic activation/deactivation of BWP.  A fixed and conservative retuning gap can be configured for RRC signaling-based activation/deactivation of BWP.
Proposal 5:
Support configurable retuning gap for dynamic activation/deactivation of BWP.  Exact signaling mechanism FFS.

3 Conclusion

In this contribution we have discussed remaining details on bandwidth part activation/deactivation for the single active BWP case and made the following observations/proposals:

Observation 1:
Power saving can be achieved with dynamic change of BWP.

Observation 2: 
Activation/deactivation of BWP for power saving should be based on similar rules as DRX.

Observation 3:
The value of K depends on UE implementation, symbol time/numerology and source/target BWP.
Proposal 1:
Activation/deactivation of bandwidth parts at least by means of DCI is supported.

Proposal 2:
Support implicit DCI indication at least for the purpose of UE power saving for the single BWP active case.

Proposal 3:
Activation/deactivation of bandwidth parts based on an inactivity timer is supported.

Proposal 4:
Inform RAN2 that dynamic activation/deactivation of BWP is supported for UE power savings and should be taken into considerations when designing UE DRX.

Proposal 5:
Support configurable retuning gap for dynamic activation/deactivation of BWP.  Exact signaling mechanism FFS.
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