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Background
In RAN1 #86bis meeting, bandwidth adaptation facilitating DL control information monitoring over a narrower bandwidth was agreed [2]. The motivation was primarily driven by UE power saving. In the same meeting, support for cross-slot scheduling for DL was also agreed.
The term “bandwidth-part” (BWP) was introduced to refer to the portion of the bandwidth within which the UE operates. In RAN1 NR AH#3, further agreements were made [7]:
· NR supports the case that a single scheduling DCI can switch the UE’s active BWP from one to another (of the same link direction) within a given serving cell
· FFS whether & how for active BWP switching only without scheduling (including the case of UL scheduling without UL-SCH)
· In Rel-15, for a UE, there is at most one active DL BWP and at most one active UL BWP at a given time for a serving cell

After RAN2 #99bis, an email discussion was started to discuss the impact of BWP [8]. In particular, HARQ timing parameters (K and N) and whether they should be numerology-specific or BWP-specific was one of the issues being discussed. Based on K and N, the UE will be configured with candidate values for K' and N', and the exact value of K' and N' will be signalled via DCI upon each scheduling. Given that K' and N' values are numerology specific for a UE and a BWP is associated with one numerology within a cell, there could be two options in configuration of candidate values for K' and N'.
· Option 1. Candidate values for K' and N' are configured per numerology.
· Option 2. Candidate values for K' and N' are configured per BWP.

In RAN1, various power saving techniques that can be applied during UE’s active state have been proposed and discussed, and those which are promising or already accepted are summarized in [6]. These techniques include: microsleep, cross-slot scheduling, PDCCH monitoring periodicity, and bandwidth adaptation, and they are converging into the BWP framework. It is important to consider this bigger picture to determine whether Option 1 or 2 are decided in RAN2.
In this contribution, the motivations for configuring HARQ timing parameters per BWP, and the inter-relation with UE power saving in active state, will be discussed in detail.
Discussion
In our view, numerology is only one of the factors that may affect HARQ timing parameters. BWP has many other attributes which have already been agreed in RAN1, such as the configured bandwidth, the CORESET configuration (including PDCCH search space and monitoring periodicity); Moreover, more parameters are being considered in RAN1 to be BWP-specific. One example is k0 parameter to support cross-slot scheduling. Therefore, it is not sufficient to just single out numerology as the primary factor for consideration.
Implicitly, BWP can also be configured to have a power consumption target. For example, a BWP could be configured to be narrow bandwidth, with sparse PDCCH monitoring periodicity, intended for low-power PDCCH monitoring when traffic is scarce; Another BWP could be configured to be wide bandwidth, with per-slot PDCCH monitoring periodicity, in order to efficiently process data at higher instantaneous power consumption level. Selection of which BWP to use can be coarsely dependent on the short-term traffic load.
HARQ timing parameters should be configured considering the desire power consumption target. Given that different BWP (even of the same numerology) may have different power consumption target, HARQ timing parameters should be BWP specific. For example, for the narrow BWP mentioned above, configuration of non-zero k0 value (i.e. supporting cross-slot scheduling) should be done to maximize microsleep benefit. For the wide BWP, configuration of zero k0 value (i.e. supporting same-slot scheduling) should be done to minimize latency for data. Similarly, for the narrow BWP on the UL, the latency to prepare the UL transmission may be less compared to a wide BWP; As a result, it is conceivable that k2 can be configured differently across BWP. The latency from PDSCH to HARQ-ACQ feedback, k1, can also be configured differently across BWP for the best operating point in terms of power consumption.
On the flip side of power and latency tradeoff, HARQ timing parameters can also be configured considering the latency target. Even for the same numerology, some BWP may be targeting lower latency and some for higher latency. For example, a BWP with narrow bandwidth can have its data processing finishing earlier based on the same hardware processing throughput of the modem; As a result, it can be configured with tighter k0/k1/k2 settings. This can be one way to configure low latency support for certain applications. Another use case where BWP should be configured with different HARQ timing parameters is VoIP with SPS. Because VoIP is typically not latency sensitive, SPS can be configured on BWP with more relaxed HARQ timing parameters. When high-speed data arrives, active BWP may switch to one with tighter HARQ timing parameters to achieve lower latency.
In summary, numerology is only a single attribute of BWP which has relation to HARQ timing, and there are many more BWP attributes that should have a closer match to HARQ timing.  Therefore, based on above reasoning and motivations, we’d propose that HARQ timing parameters should be configured per BWP. 
Conclusions
Based on the discussions above, we recommend RAN2 discuss the following proposal:
Proposal.  HARQ timing parameters are configured per BWP.
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