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1 Introduction

NR is aiming to support much larger carrier bandwidth compared to LTE, as shown in the following agreement in RAN1#86bis:

Agreements:
· At least for Phase 1, study mechanisms to support operation over e.g. around 1GHz contiguous spectrum from both NW and UE perspectives including the maximum single carrier bandwidth of at least 80 MHz
Therefore, the method of resource allocation for downlink data channel needs to take into account the wider carrier bandwidth. On the other hand, NR UEs are not required to receive data over the full system bandwidth. Larger UE operating RF bandwidth means larger power consumption. Regarding this aspect, the following has been agreed in RAN1#86:
Agreements:
· At least for single carrier operation, NR should allow a UE to operate in a way where it receives at least downlink control information in a first RF bandwidth and where the UE is not expected to receive in a second RF bandwidth that is larger than the first RF bandwidth within less than X µs (FFS: value of X)

· FFS the first RF bandwidth is within the second RF bandwidth

· FFS the first RF bandwidth is at the center of the second RF bandwidth

· FFS the maximal ratio of the first RF bandwidth over the second RF bandwidth

· FFS detailed mechanism

· FFS RF bandwidth adaptation for RRM measurement
In this document, we discuss the methods for resource allocation where the scheduling information in DCI can be reduced, and how the resource allocation methods are related to the 1st and 2nd RF bandwidths mentioned in the above agreement.   
2 Discussion
2.1 Resource allocation type for downlink data channel
In LTE, there are two basic mechanisms to signal the resource block allocation, one is based on bitmap like resource allocation type 0/1 and the other is to indicate a start position and the length of the resource block allocation like resource allocation type 2. Bitmap allocation can be used for non-contiguous flexible allocation of resource blocks in frequency domain, whereas the other mechanism supports contiguous physical or virtual allocation. Therefore, the bitmap allocation provides a more flexible mapping among multiple assignments, which is especially important for eMBB. The problem for bitmap allocation would be the increased number of bits for resource signaling due to larger system bandwidth of NR, even if bitmap allocation granularity can be multiple PRBs. However, this issue can be mitigated by the resource allocation methods discussed later in this paper.
In order for NR to achieve the resource allocation flexibility no worse than LTE, we have the following proposal:

Proposal 1: Bitmap of multiple of PRB granularity is supported for resource allocation for downlink data channel in NR. The spec supports multiple PRB granularities. 
2.2 Schedulable resource set
To mitigate the large signalling overhead issue for bitmap resource allocation, we propose to introduce schedulable resource sets. The schedulable resource set for a given UE is a semi-statically configured reference set over which the dynamic resource allocation is made. By restricting the bandwidth of the schedulable resource set to be smaller than NR carrier bandwidth, the required bits for indicating bitmap resource allocation in NR can become affordable. Note that having schedulable resource set is also motivated by the following observations regarding the UE bandwidth capabilities and UE bandwidth adaptation:
· NR UEs with diverse services are accommodated within the same network. Different UEs are expected to have different bandwidth capabilities, but the NR PHY-layer design should allow all those UEs to efficiently access the same NR carrier regardless of the NR carrier bandwidth, as agreed in RAN1#85. For a significant number of UEs with bandwidth capability less than a NR carrier bandwidth, there will be a lot of redundant bits in the resource allocation signalling if the whole a NR carrier bandwidth is used as the reference for resource indication. 
· Even if some UEs are able to support full NR carrier bandwidth, it may not need to operate on the full bandwidth capability all the time. If the traffic demand is low, UE can be configured to a narrowband state (i.e. 1st RF bandwidth) to save the power consumption. Then the resources schedulable to the UE can be restricted to a certain set to save the signalling overhead. 
Furthermore, to simplify the resource allocation for mixed numerology, each schedulable resource set should be associated with one numerology. For a UE supporting both eMBB and URLLC with different numerologies, multiple schedulable resource sets can be configured for the UE, since the scheduling requirement for eMBB and URLLC are different. The schedulable resource sets can be overlapping, and the scheduler can decide the dynamic allocation among different services. 
To adjust schedulable resource set by DCI or MAC may be possible future discussion but at least semi-static configuration should be supported.
Proposal 2: Dynamic resource allocation for downlink data channel for a given UE is indicated with respect to a semi-statically configured schedulable resource set. 

Proposal 3: Schedulable resource sets associated with different numerologies can overlap for the same UE or different UEs.
2.3 Schedulable resource set vs. UE bandwidth 
Dynamic resource allocation information is transmitted in the downlink control information (DCI). In NR, it is expected that both group-common DCI and UE-specific DCI can be used. One type of Group-common DCI would be DCI at least containing slot format related information, which is called “group common PDCCH”. The other type of Group-Common DCI is “PDCCH for group common channels”, which can be used for random access response and so on. Group-common DCI at least containing slot format related information is under discussion in RAN1 (see our companion contribution [2]). How often this type of group-common DCI is present should be configurable in our view [2]. Group-common DCI for group common channels and UE-specific DCIs for the unicast data transmission can be associated with individual schedulable resource sets. 

In terms of the relation between the schedulable resource set and the UE RF bandwidth, strictly speaking, the schedulable resource set is not required to be within the UE RF bandwidth. It is up to the scheduler to ensure that the actually scheduled resources by DCI are within the UE’s bandwidth capability. As mentioned before, the schedulable resource set is just a reference set. But for the best saving of DCI overhead for bitmap case, to configure the schedulable resource set matching the UE RF bandwidth would be better when the dynamic hopping (the UE DC centre carrier retunes for data reception after receiving DCI) is not operated. 

As a result, if no dynamic UE bandwidth adaptation (including dynamic hopping) is performed, the schedulable resource sets can be configured based on the following rules for the best of DCI overhead saving for bitmap case(see also Fig.1 for an example): 

· The schedulable resource set associated with the UE-specific DCI in the 1st RF bandwidth is within the 1st RF bandwidth. UE monitor UE specific DCI in the 1st RF bandwidth with configured period.
· The schedulable resource set associated with the UE-specific DCI in the 2nd RF bandwidth is within the 2nd RF bandwidth. UE monitor UE specific DCI in the 2nd RF bandwidth with configured period.
· The schedulable resource set associated with group-common DCI for group common channels is configured in such a way that 

· it is within the minimum bandwidth capability of the group UEs, and

· can be covered by both 1st and 2nd UE RF bandwidths. 

· The reason is that UEs belonging to the same group should be able to receive the group common information without retuning regardless of the RF operating bandwidth.
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Fig.1. Example of schedulable resource set and UE RF bandwidth for semi-static bandwidth adaptation

On the other hand, if dynamic bandwidth adaptation is performed, UE can change between 1st and 2nd RF bandwidths (which can be non-overlapping where retuning is required) within the time interval between receiving DCI and receiving the corresponding data (which could happen within the same slot or cross slot depending on the conclusion of transition time study in RAN4). It is FFS the number of supported bandwidth of 1st and 2nd RF bandwidth (including locations).
Under the dynamic bandwidth adaptation operation, when UE is operating in the 1st RF bandwidth, one option is to allow UE-specific DCI to schedule the resources outside the 1st RF bandwidth. This can be used as an implicit command for UE to switch to the 2nd RF bandwidth for the corresponding data reception. Therefore, if this option is supported, the schedulable resource set for the UE-specific DCI in the 1st RF bandwidth should be larger than the 1st RF bandwidth. Fig.2 shows one example where schedulable resource set for UE-specific DCI in both 1st and 2nd RF bandwidths has the same bandwidth that is equal to 2nd RF bandwidth. 
Besides implicit way above, it may also be possible to use explicit way to realize dynamic bandwidth adaptation. How to distinct the UE specific DCI for 1st RF bandwidth and the UE specific DCI for 2nd RF bandwidth could be further discussed. 
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Fig.2. Example of schedulable resource set for UE-specific DCI for dynamic bandwidth switching

As discussed in [1], the group-common DCI (both of "DCI at least containing slot format related information" and "DCI for group common channels") should be transmitted within the 1st RF bandwidth to facilitate every UE in the group with different bandwidth capability to monitor when group common DCI is used. If dynamic bandwidth adaptation is supported, whether the 2nd RF bandwidth needs to cover the 1st RF bandwidth depends on how often the group-common DCI needs to be received. If group-common DCI only is required to receive periodically not every slot , it could be sufficient for UE to change between 1st and 2nd RF bandwidth to monitor group-common and UE-specific DCIs, respectively. In such case, 1st and 2nd RF bandwidth can be non-overlapping. The schedulable resource set for group-common DCI for group common channels can be within the 1st RF bandwidth. On the other hand, if group-common DCI occurs every slot, the 2nd RF bandwidth should cover the 1st one in order to receive group-common and UE-specific data simultaneously. In this case, the schedulable resource set for group-common DCI for group common channels is within the overlapping part of 1st and 2nd UE bandwidth. 
3 Conclusion

This document discusses the resource allocation for downlink data channel. We have the following proposal:

Proposal 1: Bitmap of multiple of PRB granularity is supported for resource allocation for downlink data channel in NR. The spec supports multiple PRB granularities.
Proposal 2: Dynamic resource allocation for downlink data channel for a given UE is indicated with respect to a semi-statically configured schedulable resource set. 

Proposal 3: Schedulable resource sets associated with different numerologies can overlap for the same UE or different UEs.
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