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1 Introduction
In the RAN1#90, NR made agreements on bandwidth part (BWP) operation as follows:
	[bookmark: _GoBack]Agreements:
· 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
· Support activation/deactivation of DL and UL bandwidth part by explicit indication at least in (FFS: scheduling) DCI
· FFS: In addition, MAC CE based approach is supported
· Support activation/deactivation of DL bandwidth part by means of 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 
· FFS: The default DL bandwidth part can be reconfigured by the network
· FFS: detailed mechanism of timer-based solution (e.g. introducing a new timer or reusing DRX timer)
· FFS: other conditions to switch to default DL bandwidth part
Agreements:
· Common PRB indexing is used at least for DL BWP configuration in RRC connected state
· The reference point is PRB 0, which is common to all the UEs sharing a wideband CC from network perspective, regardless of whether they are NB, CA, or WB UEs. 
· An offset from PRB 0 to the lowest PRB of the SS block accessed by the UE is configured by high layer signaling
· FFS the configuration is by RMSI and/or UE-specific signaling
· The common PRB indexing is for maximum number of PRBs for a given numerology defined in Table 4.3.2-1 in 38.211
· FFS: common PRB indexing for RS generation for UE-specific PDSCH
FFS: common PRB indexing for UL



This contribution discusses remaining issues on BWP operations as follows:
· BWP activation
· Timer-based mechanism
· Common PRB indexing
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2 BWP Activation
  For DCI based indication and MAC CE signaling, there is a tradeoff in terms of fast signaling and reliability. DCI based indication is fast and supports fast BW adaption. On the other hand, MAC CE signaling is slower but is more reliable. Nevertheless, its time benefit over RRC signaling, when also considering HARQ-ACK feedback, is marginal. Since RRC based BWP activation is already agreed to be supported (and DCI based for fast adaption), there is no need to support MAC-CE based BWP activation.
 In order to accommodate the transition time for UE bandwidth adaptation/BWP activation, the timing gap between UE reception of the indication and its application should be wide enough. The minimum required timing gap would depend on specific operation scenario. For example, as RAN4 pointed out, the total transition time should include AGC settling time in case of multiple-carrier operation. Flexible timing control can be supported via timing indication in the DCI (both same-slot and cross-slot scheduling). Further, slot format may impact the timing. For instance, when slot n contains both DL and UL part and UE receives the indication of bandwidth adaptation at slot n, the UE may need to suspend the bandwidth adaptation until the end of UL part for potential UL transmission.
Observation 1: RRC signaling can support the operations intended by MAC-CE for BWP activation/de-activation.
2.1 Default BWP
In the previous meeting, it was agreed that default BWP plays a role to support fallback operation by means of timer when a UE misses DCI-based switching indication. For the purpose of load balancing, gNB should be able to configure UE-specific default DL BWP other than initial active BWP after RRC connection. This default BWP can support other connected mode operations (besides operations supported by initial active BWP) such as fall back, connected mode paging etc. In this case, the default BWP may have to include common search space, at least the search space needed for monitoring the pre-emption indications. For FDD, default DL and UL BWPs may be independently configured to the UE.  
Proposal 1: Support UE-specific default BWP configuration for DL and UL.
2.2 DCI Design for dynamic BWP Activation
Regarding DCI design for dynamic BWP activation, following two ways can be considered.
Alt 1) Separate DCI design for switching purposes (separate from scheduling DCI)
Alt 2) Joint DCI design for switching and scheduling
For Alt 1, a new DCI format should be introduced for dynamic BWP indication which is separately designed with scheduling DCI. A UE configured by multiple BWPs allowing dynamic BWP activation has to keep monitoring the DCI format corresponding to BWP switching. In order to minimize or maintain the number of PDCCH blind decoding operations, several solutions can be considered. 
For Alt 1-1, a sequence-based DCI indicating BWP switching can be transmitted in the fixed or pre-configured time and frequency resources. The computational complexity is reduced for sequence-based DCI compared to channel coding-based DCI. Further, very few bits, such as 1 or 2 bits will be enough to indicate BWP activation. For this small size bits, sequence-based DCI can outperform the channel coding-based DCI in terms of BLER performance. However, there is inherent problem of false alarm due to absence of CRC and the need from a UE to correctly decode 2 DCIs implying a need for lower BLER per DCI than in case of a joint DCI. Further, additional specifications and implementations are required and overall search space design and PDCCH mapping are affected.
For Alt 1-2, DCI for BWP switching can be transmitted in the fixed location within a given search space with a fixed aggregation level. Then, a UE does not need to blindly search a number of PDCCH candidates for detecting the DCI format corresponding to BWP switching. However, using fixed location can degrade the detection performance of the DCI due to lack of diversity. Also, too much overhead of CRC compared to payload size is expected (BWP switching indicator will just require only few bits and CRC length would be e.g., 16 bits.). 
For Alt 1-3, the size of DCI format for BWP switching can be designed to be the same with the scheduling DCI format. To distinguish between switching DCI and scheduling DCI, additional DCI field can be introduced for DCI format flag. Alternatively, CRC bits can be scrambled with different RNTI (this reduces the available RNTIs). However, it is inefficient to fit the very small size of DCI for switching into relatively long size of DCI for scheduling i.e., to fit the small contents needed for switching purposes into some existing DCI format (for example due to overhead reasons as mentioned above).
For Alt 2, a DCI field indicating BWP switching can be added in the scheduling DCI. At a cost of increment in DCI size, the total number of blind decoding are not affected. There are two possible alternatives inserting BWP indicator field (BIF) considering relationship with carrier indicator field (CIF) as shown in Figure 1. 
For Alt 2-1, BIF can be inserted independently of CIF. The CIF may indicate one of the CCs where PDSCH is scheduled and the BIF indicates a BWP to be activated in that CC.
For Alt 2-2, CIF and BIF can be jointly encoded and composed of a combined bit field like CBIF (carrier and BWP indicator field) as shown in Figure 1. CBIF can indicate a combination of carrier index and BWP index to be scheduled. Alt 2-2 is less flexible but more efficient compared to Alt 2-1. However, with configurable CIF size, it is unclear whether the complexity of a joint optimization provides any meaningful benefit (it is at most 1 bit).
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Figure 1. Example of DCI design for dynamic BWP activation
To decide the DCI design for dynamic BWP activation, the PDSCH scheduling for BWP operation needs to be considered. When multiple BWPs are configured, a PDCCH and the associated PDSCH can be transmitted in the same BWP (corresponds to self-BWP scheduling) or different BWP (corresponds to cross-BWP scheduling). 
Especially for single BWP activation scenario, there are several motivations to support cross-BWP scheduling. First, BWP switching is generally triggered when there is a data traffic which should be transmitted via other BWP not the current BWP. First, interference of PDCCH can be managed by using cross-BWP scheduling as in CA scenario. Second, considering combined operation BWP with CA, cross-BWP scheduling should be naturally supported when a UE is configured by cross-carrier scheduling. 
If only self-BWP scheduling is supported, there is no way to avoid use of separate DCI design corresponding to Alt 1 since independent DCI signaling is necessarily required. For example, a UE should detect a switching DCI in BWP-1 at first and then the scheduling DCI have to be obtained in BWP-2 if only self-BWP scheduling is supported. Then the UE power consumption will increase due to the additional blind decoding for additional DCI format as describe above. On the other hand, if cross-BWP scheduling is supported, joint DCI design for switching and scheduling of Alt 2 can be used. Then a scheduling DCI for BWP-2 including BWP indicator can be transmitted and detected in the activated BWP-1. Without any impact on UE complexity, dynamic BWP switching can be supported.
Proposal 2: Cross-BWP scheduling is supported.
Proposal 3: BWP indication field is added in the DCI if cross-BWP scheduling is supported and BWP indication field is configurable.
3 Timer-based mechanism
In the previous meeting, it was agreed to support timer-based mechanism for BWP activation/deactivation operation. For DCI-based activation which has lower reliability than other signaling, timer-based mechanism can help to handle DCI missing problem. It is assumed that one of configured BWPs becomes default BWP which is decided by gNB. Similar to C-DRX timer, a UE has a timer which is reset whenever PDCCH is received. If the UE doesn’t receive any PDCCH until timer is expired, UE goes to default BWP and monitors PDCCH again. 
In addition, the connected mode DRX timer itself could be used for supporting BWP adaption between a wider BW and narrow BW to support UE power savings. The timer values can correspond to the onDuration, drxInactvity timer values that support connected mode DRX operations. The exact values of these timers are left to RAN2 discussions. Note that the exact values of the BW regions which are monitored by the UE during these timers may be different for the short DRX cycle and the long DRX cycle and can be indicated by the gNB to the UE.
Proposal 4: Connected mode DRX timer supports BWP adaption and supplements DCI-based activation of BWP.
4 Common PRB indexing
To generate common PRB indexing, it was agreed that an offset from the lowest PRB of SS/PBCH block to PRB 0 as reference point. Since the common PRB indexing is common to all UEs accessing to the cell, it is desirable to indicate the offset via RMSI to avoid duplicated signaling to each UE. Besides, for immediate completion of BWP configuration after RRC connection setup, it is better for a UE to know common PRB indexing via RMSI prior to RRC connection setup. However, if multiple SS/PBCH blocks exist, but only a single RMSI is operated, then there are multiple possibilities for the offset from a single RMSI perspective. Thus, RMSI may not be appropriate to use for the offset indication. In this case, UE-specific signaling is better.
Proposal 5: If RMSI is configured per SS/PBCH block i.e. independently for each SS/PBCH block, the offset for reference point PRB 0 should be indicated via RMSI. Otherwise, UE-specific signaling is used.
For common PRB indexing for FDD UL, in order to indicate where PRB 0 is to UE, ARFCN for UL cell can be used. Instead of using the lowest SS block, since FDD UL doesn’t have SS/PBCH block, gNB can indicate an offset from ARFCN for UL cell to PRB 0 to UE. This offset information can be contained together in RMSI. Then, UE can generate UL common PRB indexing with both UL ARFCN and the offset information. Meanwhile, unlike DL, UE may have to know right most PRB of UL to keep spectrum mask regulation for UL transmission. For the reason, the right most PRB information may be included in RMSI as well. The impact on out-of-band and spurious emissions for UL should be taken into account.
Proposal 6: For FDD UL common PRB indexing, an offset from ARFCN for UL CC to PRB 0 should be indicated to UE via RMSI. FFS whether or not to indicate information regarding the right most PRB.
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Figure 2. How to indicate PRB 0 for FDD UL
5 Summary
The proposals and observations in this contribution are collected as below:

Proposal 1: Support UE-specific default BWP configuration for DL and UL.
Proposal 2: Cross-BWP scheduling is supported.
Proposal 3: BWP indication field is added in the DCI if cross-BWP scheduling is supported and BWP indication field is configurable.
Proposal 4: Connected mode DRX timer supports BWP adaption and supplements DCI-based activation of BWP.
Proposal 5: If RMSI is configured per SS/PBCH block i.e. independently for each SS/PBCH block, the offset for reference point PRB 0 should be indicated via RMSI. Otherwise, UE-specific signaling is used.
Proposal 6: For FDD UL common PRB indexing, an offset from ARFCN for UL CC to PRB 0 should be indicated to UE via RMSI. FFS whether or not to indicate information regarding the right most PRB.
Observation 1: RRC signaling can support the operations intended by MAC-CE for BWP activation/de-activation.
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