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1. Introduction

At the 3GPP RAN1 NR Ad-hoc#2 meeting, the usage scenarios for the bandwidth part (BWP)s were clarified according to [1] and the following observations were made. 
	Observation:

· Usage scenarios #1, and 2, and 3 in R1-1711795 are at least identified as usage scenarios for BW part

· From UE perspective, at least for single active BW part scenario, usage scenarios #1 and 3 are the same


Also, considering the following agreements at the same meeting, usage scenarios #1 and #2 in [1] are targeted.  These usage scenarios are also shown in Fig. 1. 

	Agreement:
· 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.
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(a) Usage scenario #1
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(b) Usage scenario #2
Figure 1 – Usage scenarios for bandwidth parts.

The purpose of usage scenario #1 is to enable the UE with a narrower BW capability to be operated in a wider network (NW) channel BW. On the other hand, in usage scenario #2, multiple BWPs are used for BW adaptation in order to reduce the UE power consumption. To achieve bandwidth adaptation efficiently, the mechanisms to activate/de-activate the BWPs were discussed and the following agreements including some remaining issues were agreed.
	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


In this contribution, we provide our views on the detailed BWP activation/deactivation mechanisms to finalize the remaining issues on BWPs.

2. BWP Activation/Deactivation

According to the agreement at the RAN1 NR Ad-hoc #2 meeting, the case where only one BWP is activated is targeted for the completion of BWP design. The specification support to actualize usage scenario #1 in Fig. 1 would be straightforward, i.e., when DL/UL BWP is configured by RRC signaling, the DL/UL BWP is active by default. 

Hence, in this contribution, we focus on the BWP activation/deactivation mechanism to support usage scenario #2. For BW adaptation, a UE is to be RRC-configured with at least two DL BWPs with different DL BWs. When there is no DL/UL data, the UE only monitors the BWP with narrower BW for monitoring NR-PDCCH to save the RF power consumption. When DL/UL data occurs, the other BWP with wider BW is activated for efficient data transmission. For the activation indication, there are several options.  

· Activation by MAC CE

· MAC CE would be more reliable compared to L1 signaling. However, there is a disadvantage that longer activation time would be necessary, resulting in interruption of data transmission/reception. 
· Activation by DCI

· Although there are several signaling methods using DCI, DCI is less reliable than MAC CE. On the other hand, if reliability is ensured in some ways, BW can be dynamically adapted. 
We have a first preference for the DCI-based approach and further consider the DCI-based activation approach. Fig. 2(a) shows one example of DCI-based BWP activation. BW for BWP#1 is assumed to be narrower than that for BWP#2. If DL assignment in a COREST of BWP#1 schedules DL data for BWP#2, BWP#2 is considered to be activated. Or, explicit activation indication can be considered. In these approaches, the UE may need to monitor two different DCIs, e.g., DCI for BWP#1 and DCI for BWP#2 (or explicit activation indication), in the same CORSET of BWP#1 as the DCI size will be different depending on the BW. Alternatively, different CORESETs (CORESET for scheduling data in BWP#1 and CORESET for scheduling data in BWP#2) are configured in BWP#1. However, monitoring two different DCIs or CORESETs will increase the number of blind decoding attempts. Another issue has been identified when UE misses the DCI that schedules data in BWP#2. In this case, gNB will use a new active BWP#2 and the corresponding CORESET for the UE while the UE continues to monitor the CORSET of BWP#1. Hence, to avoid such a mismatch between gNB and UE, fallback mechanism would be required.

A simple approach is to define a common CORESET and DCI for multiple BWPs in a carrier as shown in Fig. 2(b). BWP-common CORESET will be used for activation of the other BWP, e.g., DL assignment for BWP#2. If this BWP-common CORESET is equivalent to common search space, it can be used to carry other type of information for SI delivery, RAR, etc. Another approach is to keep always one active BWP (primary BWP) even when the other BWP (secondary) is activated as shown in Fig. 2(c). This is similar to the primary component carrier (PCC) in the context of carrier aggregation. For its simplicity, we have a slight preference for defining the primary BWP for fallback operation. The primary BWP can be also used for usage scenario #1 in Fig. 1(a) and common search space and UE-specific search space are needed. However, if the secondary DL BWP with UE-specific search space is configured, monitoring DL assignment that schedules data in the DL primary BWP is not always necessary in the primary BWP.

Proposal 1: Define the DL primary BWP that is always active and the secondary DL BWP that can be activated / deactivated.

· For the DL primary BWP,

· Common search space is always configured

· UE-specific search space is always configured 

· Monitoring UL grant is always configured 

· Monitoring DL assignment to the primary DL BWP is configurable if the secondary BWP is configured.

· Necessity of primary and secondary UL BWPs are FFS
· For the secondary DL BWP,

· Common search space is not supported

· UE-specific search space is always configured

Proposal 2: The DL secondary BWP is activated by DL assignment in the DL primary BWP that schedules DL data in the DL secondary BWP.

Proposal 3: The UL BWP is activated by UL grant in the DL primary BWP that schedules UL data in the UL BWP.

· UL BWP may be also activated by pre-configured UL signals, e.g., RACH preamble, periodic CSI reporting. Or, UE is allowed to transmit those pre-configured UL signals even if UL BWP is de-activated.
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(a) BWP activation using DL assignment
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(b) Fallback mechanism using BWP-common CORSET in a carrier
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(c) Fallback mechanism keeping always one primary BWP in a carrier

Figure 2 BWP activation and fallback operation

For the deactivation of the secondary BWP, timer or configured time pattern were considered. In the timer-based approach, if there is no data in the configured period of time, the secondary BWP is de-activated. One consideration point is how to handle DL BWP and UL BWP. There are some ways to set the timer, i.e., independent timer for DL BWP and UL BWP, or a joint timer for DL and UL BWP. Setting the separate timer for the DL and UL would be straight-forward approach. For the separate timer, assuming both DL secondary BWP and UL BWP are activated, if there is only DL data and UL timer expires, UL BWP shouldn’t be deactivated since PUCCH configuration may be affected. Hence, for the uplink, if there is UL feedback signal related to DL transmission, the timer should be reset (Or, UL timer is not set if there is DL data) (Fig. 3(b)). On the other hand, if there is only UL data and DL timer expires, there may be no issue if the DL secondary BWP is deactivated since UL grant is transmitted in the DL primary BWP (Fig. 3(a)). Regarding the configured time pattern, we consider this is less flexible or less adaptive to traffic occurrence. Hence, we prefer timer-based approach.

One disadvantage of the timer is that BWP can’t be de-activated quickly. Hence, explicit deactivation indication by DCI or MAC CE can be further considered. In this case, MAC CE can be also used for de-activation purpose since dynamic de-activation is not required.
Proposal 4: Separate timer is respectively defined for DL secondary BWP and UL BWP.

· Timer for deactivation of UL BWP should be reset if there is HARQ ACK/NACK feedback for the DL data.
Proposal 5: De-activation by MAC CE can be further considered.
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(a) DL data expires first                                       (b) UL data expires first

Figure 3 – Deactivation based on DL/UL timer.

3. Conclusion
In this contribution, we presented the remaining issues on BWP, especially activation/deactivation of BWPs. Based on the discussion, we made the following proposals.
Proposal 1: Define the DL primary BWP that is always active and the secondary DL BWP that can be activated / deactivated.

· For the DL primary BWP,

· Common search space is always configured

· UE-specific search space is always configured 

· Monitoring UL grant is always configured 

· Monitoring DL assignment to the primary DL BWP is configurable if the secondary BWP is configured.

· Necessity of primary and secondary UL BWPs are FFS

· For the secondary DL BWP,

· Common search space is not supported

· UE-specific search space is always configured

Proposal 2: The DL secondary BWP is activated by DL assignment in the DL primary BWP that schedules DL data in the DL secondary BWP.

Proposal 3: The UL BWP is activated by UL grant in the DL primary BWP that schedules UL data in the UL BWP.

· UL BWP may be also activated by pre-configured UL signals, e.g., RACH preamble, periodic CSI reporting. Or, UE is allowed to transmit those pre-configured UL signals even if UL BWP is de-activated.

Proposal 4: Separate timer is respectively defined for DL secondary BWP and UL BWP.

· Timer for deactivation of UL BWP should be reset if there is HARQ ACK/NACK feedback for the DL data.

Proposal 5: De-activation by MAC CE can be further considered.
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