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Introduction
In this document, we discuss following aspects. 
· Relation among multiple resource allocation scheme
· RBG size
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Relation among multiple resource allocation scheme
In RAN1, in order to efficiently utilize the time/frequency resource, multiple types of the resource allocation (or reservation) scheme are on-going discussion. These are discussed in the different agenda and different people as RAN1 is parallel session. 
- In agenda "6.2.1.7 Rate matching", in MIMO session, the main purpose is how to reserve CSI-RS and SRS are discussed. On the other hand, to generalize the signalling is not excluded. Following conclusion reached in the last RAN1 meeting.
	Conclusion:
· FFS PDSCH rate matching/puncturing w.r.t.  at least the following signals.
· NZP CSI-RS resource(s) for channel measurement
· DMRS for PDSCH for the UE.
· DL PTRS
· TRS
· FFS: NZP CSI-RS for interference measurement
· Impact due to CLI if any
· Note: PDSCH rate matching for DL control channel, SS block, reserved resource are out of MIMO scope
· FFS PUSCH rate matching/puncturing w.r.t. at least the following signals
· DMRS for PUSCH for the UE.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        
· SRS
· UL PTRS
· Impact due to CLI if any
· Note: PUSCH rate matching for UL control channel, reserved resource are out of MIMO scope



- In agenda "6.3.1.3 Resource sharing between PDCCH and PDSCH", in the control session, the main purpose is to reserve the resource for PDCCH for other scheduling. Following agreement was reached in the last RAN1 meeting.
	Agreements:
· A UE can be configured by RRC signaling with one or more resource set(s)
· The UE shall assume that the scheduled PDSCH is rate-matched around the resource set(s) when the scheduled PDSCH overlaps 
· FFS: exact configuration of a resource set including granularity.

Agreements:
· A UE can be configured by UE-specific RRC signaling to identify resource set(s) for which the PDSCH may or may not be mapped based on the L1 signaling.
· For a scheduled PDSCH overlapping with given resource set(s), L1 signalling indicates whether the scheduled PDSCH is rate-matched around the resource set(s) or is mapped to the resources in the resource set(s).
· FFS: details of the L1 signaling 
· FFS: exact configuration of a resource set including granularity

Agreements:
· At least the following is supported
· When the scheduled PDSCH overlaps with the PDCCH scheduling the PDSCH, the UE shall assume that the scheduled PDSCH is rate-matched around the PDCCH scheduling the PDSCH
· Other forms of resource sharing between PDCCH and PDSCH are not precluded




- In agenda "6.3.2.3 UCI multiplexing", how to reserve PUCCH resource needs the discussion. For long-PUCCH, similar to LTE PUCCH, the frequency domain resource allocation could be sufficient. On the other hand, short PUCCH needs specific design as FDM between control and data was agreed as following in RAN1#87.
	Agreements:
· Support FDM of ‘short UCI’ and data, both within a UE and between UEs at least for the case where the PRBs for short UCI and data are non-overlapping
· FFS: PUSCH in the short UL duration can be scheduled independently



- In agenda "6.3.3.1 DL/UL resource allocation", frequency-domain resource allocation and time domain resource allocation are discussed. Frequency domain resource allocation would be rather natural expansion from LTE but time domain resource allocation requires the discussion on the purpose and the granularity. Following type of the agreement was made in the last RAN1 meeting.
	Agreements:
· NR supports some combinations of following:
· For the purpose of designing time-domain resource allocation scheme from UE perspective, assuming no prior information of DL/UL assignment, scheduling DCI informs the UE of the time-domain information of the scheduled PDSCH or PUSCH
· Following is informed to the UE:
· One-slot case:
· Starting symbol and ending symbol in the slot.
· Which slot it applies to
· Multi-slot case:
· Opt.1: Starting symbol and ending symbol of each slot of the aggregated slots, and the starting slot and ending slot where it is applied to
· Opt.2: Starting symbol and ending symbol of a slot, and the starting slot and ending slot where it is applied to
· The starting symbol and ending symbol are applied to all the aggregated slots
· Opt.3: Starting symbol, starting slot, and the ending symbol and ending slot
· Non-slot (i.e., mini-slot) case:
· Starting symbol and ending symbol
· FFS: starting symbol is:
· Opt.1: Starting symbol of a slot
· UE is also informed of which slot it applies to
· Opt.2: Symbol number from the start of the PDCCH where scheduling PDCCH is included
· FFS: ending symbol is:
· Opt.1: Ending symbol of a slot
· UE is also informed of which slot it applies to
· Opt.2: Symbol number from the starting symbol
· Scheduling DCI with and without time domain field is supported
· Note: the starting symbol is the earliest symbol of the PDSCH or PUSCH including DMRS symbol in the case of PUSCH in a slot, FFS: PDSCH
· Note: the ending symbol is the latest symbol of the PDSCH or PUSCH in a slot
· FFS: signaling aspects, e.g., implicit, explicit, table, etc.
· FFS: which are valid combinations
· FFS: handling of semi-static UL/DL and SFI assignment



- In agenda "6.3.1.4 Remaining details on group-common PDCCH", remaining details of SFI is discussed. The main purpose of this signalling of DL and UL direction. Which symbol is DL direction is largely equivalent to which symbol is PDSCH. Which symbol is UL direction is largely equivalent to which symbol is PUSCH. The functional split between time domain allocation in dedicated DCI and SFI in group common DCI needs to be clarified. Following agreements and working assumption has made.
	Agreements:
· In ‘Slot format related information’, ‘other’ is at least:
· ‘Unknown’
· UE shall not assume anything for the symbol with ‘Unknown’ by this information
· FFS: UE behavior when the UE receives the information for the symbol from SFI and broadcast DCI and/or UE-specific DCI and/or semi-static signaling/configuration
· FFS: ‘Empty’
· UEs can use this resource for interference measurement
· UE may assume there is no transmission



	Working assumption:
·  ‘Unknown’ resource is ‘flexible’ and can be overridden by at least by DCI indication; ‘Unknown’ is used to achieve the (FFS: exactly/approximately) the same as ‘Reserved’ if not overridden.
· ‘Unknown’ is signalled at least by SFI in a group-common PDCCH
· FFS: Possibility of overridden by some types of RRC (e.g., measurement configuration)
· ‘Reserved’ resource is ‘not transmit’ and ‘not receive’ but cannot be overridden by DCI/SFI indication.
· ‘Reserved’ is signalled at least by RRC
· FFS: handling of ‘gap’
· For semi-static DL/UL transmission direction, ‘Unknown’ can be informed as part of the semi-static configuration.



- In agenda "6.6	NR-LTE co-existence", the signalling to reserve LTE resource is required. For Xn interface, following was agreed in the last RAN1 meeting.
	Agreements:
· For LTE-NR coexistence in overlapping spectrum,
· Send an LS to RAN3 to specify the Xn interface and enhanced X2 interface messages that enable coordination between LTE and NR, including
· LTE cell on/off configuration with details up to RAN3
· LTE MBSFN subframe configuration
· DL and/or UL carrier center frequency (ARFCN) 
· Carrier bandwidth
· Signaling related to timing synchronization and SFN
· Note: this does not require the network to be synchronized and/or SFN aligned and/or radio-frame-boundary aligned
· Note: It is up to RAN3 if this requires new procedures in addition to signaling support
· Indication of semi-statically used resources (to avoid collisions with, e.g., CSI-RS, SRS, PRACH, PUCCH, DRS, PSS/SSS, PBCH, …)
· Indication of slots/PRBs not intended for transmissions by the eNB and gNB, respectively





Above different system design can be summarized in the following table 1. Completely independent design of different purpose can make duplicated function. On the other hand, these functions aim to support different primary purpose. The signalling design to reserve (or utilize) certain resource would be influenced by the primary purpose. RE level bit-map over NR carrier is most flexible on resource allocation but it is impossible to design it for every purpose  because of excessive signalling overhead. Therefore, we see the necessity of combining multiple signals with coordinated design. 
Table 1. Summary of NR on-going design to manage resource usage
	Agenda
	Primary purpose
	Granularity of the required signalling
	Applicability of spatial range
	Dynamic/semi-static

	6.2.1.7
	Avoidance of CSI-RS, DMRS, SRS, ...
	- RE level pattern over one or multiple PRBs.
- Above pattern may be repeated over BWP (or other frequency region).
	- UE specific, Group specific and cell specific 
	- The multiple patterns may be configured semi-static but the on/off or the selection needs to be dynamic in addition to semi-static.

	6.3.1.3
	Avoidance of PDCCH
	- A PRB with symbol granularity (or CORESET specific optimization)
- Different part(s) of frequency in a NR carrier are used.
	- UE specific, Group specific and cell specific
	- The multiple patterns may be configured semi-static but the on/off or the selection needs to be dynamic in addition to semi-static.

	6.3.2.3
	Avoidance of Short PUCCH
	- A PRB with symbol granularity (or CORESET specific optimization)
- Different part(s) of frequency in a NR carrier are used.
	- UE specific, Group specific and cell specific
	- The multiple patterns may be configured semi-static but the on/off or the selection needs to be dynamic in addition to semi-static.

	6.3.3.1
	Data symbol usage in symbol level
	- Symbol level granularity
	- UE specific 
	- The multiple patterns may be configured semi-static but the on/off or the selection needs to be dynamic

	6.3.1.4
	DL/UL symbol level indication
	- Symbol level granularity
	- Group specific and cell specific
	- The multiple patterns may be configured semi-static but the on/off or the selection needs to be dynamic

	6.6
	Avoidance with LTE
	- RE or symbol level for CRS avoidance
- 15 kHz subcarrier spacing PRB level
	- Cell specific
	- Semi-static





Figure 1. Illustration of NR on-going design to manage resource usage 


Based on the above summary table, we further discuss and propose several points.

In general, the required purpose should be satisfied but should not be optimized so much in order to allow forward compatibility usage. Therefore, some flexibility of the signalling should be supported. On the other hand, the supported flexibility should not conclude more DCI overhead in case of dynamic signalling. DCI signalling of index from multiple semi-static configuration patterns reduces DCI overhead and is flexible. Therefore, such signalling method should be used if suitable. Hard coding of DCI signalling should be generally avoided as it reduces the flexibility except large amount of DCI overhead.
Proposal 1: DCI signalling of index from multiple semi-static configuration patterns should be used if applicable.

For the signalling commonly applicable to cell or group but dynamic signalling is required, to support the function to map on group common PDCCH should be supported in order to reduce UE specific DCI overhead. This does not mean such function always should map on group common PDCCH but it should be semi-static configurable between  UE specific PDCCH and group common PDCCH. Such functions include avoidance of CSI-RS, PDCCH and short PUCCH.
Proposal 2: The signalling for the main purpose of CSI-RS, PDCCH, and short PUCCH should be allowed to be map on UE specific PDCCH or group common PDCCH based on the semi-static configuration.

The required purpose should be satisfied but should not be optimized too much in order to allow forward compatibility usage. Therefore, some flexibility of the signalling should be supported. As proposed above, DCI signalling of index from multiple semi-static configuration patterns allow DCI signalling reduction. By having some flexibility of the configuration, the semi-static pattern configuration does increase RRC signalling overhead but it has relatively smaller cost compared with DCI overhead and introduces less problem in the forward compatibility in future. Therefore, we propose following. 
Proposal 3: RRC signalling part of the pattern should be flexible to support forward compatibility. 

The rate matching discussion discussed in MIMO session has specific character compared with the other signalling as it is RE level and structured for PRB (or some PRBs). Among listed rate matching/puncturing function, our view is that the following are also related to dynamic control.
- Aperiodic CSI-RS has dedicated field in DCI to control CSI-RS as the activation is independent from the other L1 behaviour.
- Dynamic change of DMRS is realized by DMRS related control field in DCI.
- PT-RS is controlled by the resource allocation and MCS
- TRS can be periodic depending on activity itself.
- The signalling mechanism to reserve SRS is similar to the signalling mechanism to reserve short PUCCH because of symbol and PRB granularity. In addition, both short PUCCH and SRS are located in UL resource only.
Therefore, following is proposed.
Proposal 4: PDCCH has dedicated bit field for the dynamic rate matching for main purpose corresponding to aperiodic CSI-RS. The signalling allows RE level reservation over a PRB or group of PRB.
Proposal 5: SRS resource reservation is realized with the same signalling to reserve short PUCCH.

The reservation signal for PDCCH is symbol level and PRB (or PRG) level. As we proposed above, not to optimize PDCCH means not to have CORESET structure optimization too much. Then we think the same signalling can be applied as the reservation of short PUCCH and SRS, although the location is different. The reservation signal for PDCCH is located in the earlier symbol of a DL part of a slot. The reservation signal for short PUCCH is located in the later symbol of a UL part of a slot. 
Proposal 6: Strive to have the common design between the reservation signal for PDCCH and the reservation signal for short PUCCH.

Time domain signal in UE specific DCI and SFI in group common DCI has a lot of similarity. Both are symbol level signalling. Time domain signal in UE specific DCI indicates which symbols are used for data. SFI in group common signal indicates which symbols are DL or UL (or flexible/unknown). Both signalling should support single slot and multiple slots case. Although the actual interpretation itself can be slightly different, common signalling mechanism can be applied. In addition, following three cases needs to be supported.
- Only time domain signal in UE specific DCI is used.
- Only SFI in group common DCI is used.
- Both time domain signal in UE specific DCI and SFI in group common DCI are used.
- Neither time domain signal in UE specific DCI nor SFI in group common DCI is used.
The common design allows above different case handling simplified.
Proposal 7: To have the common design between time domain signals for UE specific DCI and SFI in group common PDCCH.

For RRC configuration, as also concluded as working assumption, both "reserved" and "flexible/unknown" should be supported. Our view is semi-static configuration to indicate DL/UL direction should support flexible/unknown as transmission direction can be overwritten by SFI in group common DCI and/or time domain indication in UE specific DCI. On the other hand, the signalling to reserve LTE as the main purpose should support "reserved" as these resource should not be overwritten by any other signal. Our thinking is the signalling to reserve LTE as the main purpose should be equal or smaller granularity than the signalling to configure DL/UL direction. On the other hand, semi-static signalling to configure DL/UL direction should support UE specific configuration in order to have different DL/UL usage in a cell but semi-static signalling to reserve mainly for LTE should support only cell specific configuration.
Proposal 8: Semi-static signalling to configure DL/UL direction should also support "flexible/unknown". Semi-static signalling to reserve mainly for LTE should support "reserved".
Proposal 9: Semi-static signalling to configure DL/UL direction should support both UE/cell specific configuration. Semi-static signalling to reserve mainly for LTE should support only cell specific configuration.



RBG size
If RBG size is based on BWP bandwidth and size of bitmap, RBG size is different between narrowband operation, carrier aggregation, or wideband UEs, which result in inefficient PDSCH/PUSCH resource utilization among UEs. Therefore, we propose following.
Proposal 10: RBG size is semi-statically configurable. 

Even when BWP is narrow, our view is to allow wideband BWP by the bit-map is attractive. This allows dynamic BWP change. Regardless of such BWP change, DCI payload size should be constant in order to keep the number of BD effort less. Therefore, we propose following.
Proposal 11: Resource allocation field size in DCI is determined by the widest BWP among the candidates of active BWPs and configured RBG size.

Above behaviour means certain field in the resource allocation field is not useful when BWP is not the widest BWP among the candidates of active BWPs. The handling of these field is FFS.

Conclusion
We discussed reserved resource and RBG size, and we propose following.
Proposal 1: DCI signalling of index from multiple semi-static configuration patterns should be used if applicable.
Proposal 2: The signalling for the main purpose of CSI-RS, PDCCH, and short PUCCH should be allowed to be map on UE specific PDCCH or group common PDCCH based on the semi-static configuration.
Proposal 3: RRC signalling part of the pattern should be flexible to support forward compatibility. 
Proposal 4: PDCCH has dedicated bit field for the dynamic rate matching for main purpose corresponding to aperiodic CSI-RS. The signalling allows RE level reservation over a PRB or group of PRB.
Proposal 5: SRS resource reservation is realized with the same signalling to reserve short PUCCH.
Proposal 6: Strive to have the common design between the reservation signal for PDCCH and the reservation signal for short PUCCH.
Proposal 7: To have the common design between time domain signals for UE specific DCI and SFI in group common PDCCH.
Proposal 8: Semi-static signalling to configure DL/UL direction should also support "flexible/unknown". Semi-static signalling to reserve mainly for LTE should support "reserved".
Proposal 9: Semi-static signalling to configure DL/UL direction should support both UE/cell specific configuration. Semi-static signalling to reserve mainly for LTE should support only cell specific configuration.
Proposal 10: RBG size is semi-statically configurable. 
Proposal 11: Resource allocation field size in DCI is determined by the widest BWP among the candidates of active BWPs and configured RBG size.
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