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1. Introduction

This contribution is a revision of R1-1715693 ever submitted to RAN1#NR AH3 meeting.
In RAN1#86-bis meeting [1], the explicit signaling of resource reservation for forward compatibility was agreed:
Agreements:
· Explicit signaling to NR UEs can indicate reserved resources

· The details on signaling information and transmission are FFS 

· e.g. granularity for blank resource indication

· e.g. RRC signaling and/or L1 signaling (including DL control information)
· e.g. broadcast and/or unicast signaling

· e.g., whether this signaling is applicable to UE UL operation and/or DL operation and/or sidelink operation

· FFS: combination of above signaling

· FFS: time and frequency granularity

In RAN1 87 meeting [2], agreement on resource reservation based on RRC signaling was reached. Other details are FFS.
Agreement: At least some reserved resources are indicated by using at least RRC signaling
During RAN1 NR #AH2 and  RAN1 NR #AH3 meetings, there were some discussions on the email reflector. In this paper, some views from OPPO on these issues are presented.
2. Discussions
Resource reservation based on RRC signaling has been agreed. The open issue is whether to also support L1 signaling. 
RRC-based reserved resource indication

RRC signaling may be used for configure periodic reserved resource, e.g. some slots in a periodicity are reserved or some symbols per slot in some slots in a periodicity are reserved. Both slot-based scheduling and symbol-based scheduling can in fact reserve some slots for forward compatibility. Hence from our perspective, slot-level resource reservation is not needed. If a slot needs to be reserved, the gNB can simply avoid scheduling resource to UEs in the slot. Symbol-level resource reservation is needed for slot-based scheduling and symbol-based scheduling with a relative long duration. 
An example is depicted in Figure 1. 2 symbols (Symbol 5 and 6 in the example) are reserved every 2 slots. For slot-based scheduling, a gNB can simply schedule the resource in slot level. If the scheduled slot is overlapped with a slot containing reserved symbols, the scheduled UE assumes that only the 5 un-reserved symbols in the slot is scheduled. In the example in Figure 1, gNB schedules Slot 1 to UE1. But UE1 only assumes 5 symbols (Symbol 1, 2, 3, 4, 7) are actually scheduled. For symbol-based scheduling, a gNB can simply schedule the resource with a duration containing a given number of contiguous symbols. If the scheduled duration is overlapped with some reserved symbols, the scheduled UE assumes that the scheduled resource only includes the duration except for the reserved symbols. In the example in Figure 1, gNB schedules a time duration of 5 symbols to UE2. But UE2 only assumes Symbol 4, 7 of Slot 3 and Symbol 1 of Slot 4 are actually scheduled.
The RRC signaling can convey a symbol-level bitmap to indicate the reserved symbols in a slot, as shown in Figure 1. If the scheduled resource overlaps with the reserved symbols, the symbols are reserved with a higher priority. This is different from “puncturing” or “rate matching”. The initial motivation of gNB is to only schedule the un-reserved resource. The RRC signaling just simplies the scheduling grant DCI which can simply indicate a slot or a set of contiguous symbols.
Similar methodology can also be applied in frequency domain. Some RBs, RBGs or subcarrier sets can be configured to be reserved in a RRC signaling. Then when the frequency  resource indicated by scheduling grant is partly overlapped with the reserved resource, UE only assumes the resource excluding the reserved part is scheduled. The reserved frequency resource can be configured in a manner similar to DL Type0 (bitmap-based) or DL Type2 (starting+length) resource allocation schemes.
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Figure 1: Symbol-level bitmap in RRC signaling for resource reservation

Proposal 1: Only resource reservation based on high-layer signaling is supported. Only symbol-level resource reservation is supported.
DCI-based non-contiguous symbol-level resource allocation

We do not see a clear necessity of resource reservation using L1 signaling because the dynamic scheduling can virtually realize the resource reservation. The only improvement needed is to support the non-contiguous symbol-level resource indication. In the example shown in Figure 2, a symbol-level bitmap can be applied to indicate a part of symbols in a duration. For UE1, 5 symbols in 7 are scheduled. For UE2, 3 symbols in 5 are scheduled. Thus 2 symbols are virtually reserved for the two UEs respectively. As some other companies also pointed out, we think for dynamic L1 signaling, it is more reasonable to indicate the scheduled resource to UE, rather than indicating the reserved resource.
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Figure 2: Symbol-level bitmap in signaling DCI for Non-contiguous symbol-level resource allocation
Proposal 2: Non-contiguous symbol-level resource allocation via L1 signaling is supported for “virtual resource reservation”. 
Frequency-domain granularity for resource reservation
RE-level resource reservation was also proposed in RAN1 NR #AH3. The motivation is to configured/indicate some specific RE-level patterns for reserving the resource surrounding some channels/signals with small frequency granularity. However, the analysis shows that for most of the channels/signals, PRB-level reservation is enough. The PRBs partly overlapping with LTE PSS/SSS and PBCH can be fully reserved. Some RE may be left unused. But the wasted RE is very limited. RE-level reservation only provides a marginal gain over PRB-level one. For LTE CRS, from the single-cell perspective, 5/6 REs in a symbol will be wasted if only PRB-level reservation is supported. However, from the multi-cell perspective, all REs in a symbol would be used by neighboring cells. It is more reasonable to reserve all the REs in the symbol considering the inter-cell interference problem. 
Proposal 3: The minimum frequency-domain granularity for resource reservation is PRB.
UE behaviour for reserved resource

The UE behaviour after informed a resource reservation needs further study. From our perspective, since the resource is reserved for forward compatibility, the reserved resource should not be predetermined for some use cases. Hence the resource reservation signaling should not include the information about what link the resource is reserved for. The resource may be reserved for DL, UL or sidelink transmission.
The UE should not transmit any channels/signals in the reserved resource. But the reception behaviour cannot be specified by the specification. And the specification should not specify the UE behaviours on its RF configuration adjustment, e.g. switching on/off filters or PAs.
3. Conclusions
Proposal 1: Only resource reservation based on high-layer signaling is supported. Only symbol-level resource reservation is supported.
Proposal 2: Non-contiguous symbol-level resource allocation via L1 signaling is supported for “virtual resource reservation”. 
Proposal 3: The minimum frequency-domain granularity for resource reservation is PRB.
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