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1 Introduction
The following agreements were made on the PDSCH / PUSCH RE mapping configurations [1]:

	Agreements:

· A UE is configured with resources for PDSCH rate matching

· FFS details

· A UE is configured with resources for PUSCH rate matching

· FFS details

Agreement:
· RMR(s) for PDSCH resource mapping includes CSI-RS REs at least.


In this contribution we provide our views on PDSCH/PUSCH RE mapping support, resource sharing between PDSCH and PDCCH for NR.
2 Discussion on PDSCH/PUSCH RE mapping
Overview of the PDSCH RE mapping indication in LTE

LTE support semis-static and dynamic indication of PDSCH RE mapping. In particular, in TM10 UE can be configured with four PDSCH RE mapping sets, where each set contains the following parameters, configurable by RRC:

· Number of CRS ports
· CRS shift

· MBSFN subframe configuration

· PDSCH starting symbol

· ZP CSI-RS resource ID with subframe configuration

· IDs of the QCL-ed signals

For PDSCH scheduling, eNB dynamically indicates by using DCI to the UE one among four configured sets that should be used for PDSCH processing and decoding. 
RE mapping resource indication
Similar to LTE, NR should support similar approaches for both PDSCH and PUSCH RE mapping indication by using semi-static and dynamic signalling. In particular, for dynamic indication, UE in NR may be configured with larger set of RE resources by using RRC signalling (e.g. 8 resources). By using MAC CE signalling, the RRC configured resources can be reduced (or activated) to the smaller subset of RE resources (e.g. 4 resources). Then, PQI bits (e.g. 2 bits) can be allocated in DCI to dynamically indicate the actual RE resource relevant to the scheduled PDSCH or PUSCH transmission from the subset of RE resources selected by MAC CE signalling. For semi-static RE mapping indication, UE can be configured with RE resource(s) along with their timing without DCI based indication. 
Proposal 1

· NR supports dynamic and semi-static approaches for RE mapping resource indication

RE mapping resource configuration
For NR the following parameters can be considered for RE mapping resource configuration:
· PDSCH / PUSCH starting symbol

· PDSCH / PUSCH ending symbol (or number of PDSCH/PUSCH symbols)
· ZP resource with or without slots configuration

PDSCH / PUSCH starting symbol in RE mapping resource would allow dynamic indication of the starting position for PDSCH / PUSCH mapping in the slot, while PDSCH / PUSCH ending symbol (or number of PDSCH / PUSCH symbols) can dynamically indicate the actual duration of PDSCH/PUSCH transmission in a given slot. Further details of time domain resource allocation for PDSCH/PUSCH are discussed in [4].

ZP resource can indicate available resource with RE-level granularity in a given slot. The RE-level indication is required to avoid collision with PDSCH RE and UE-specific NZP CSI-RS resource(s) transmitted to the other UEs or to support forward compatibility of NR. 

Configuration of the ZP resource should be general enough to accommodate possible introduction of the new types of reference signal(s) and may comprise multiple adjacent REs units of dimensions 2x1, 2x2 REs. ZP resource can be configured for the UE by using bitmap, where each bit in the bitmap corresponds to one ZP RE unit. 


Illustrations of 2x1 and 2x2 ZP RE units in a slot are provided in Figure 1.
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Figure 1. Illustration of ZP RE units in the slot
The ZP resource configuration may also include slot configuration which should support minimum periodicity of 1 slot and can be configured to the UE by ZP resource slot configuration jointly indicating slot offset and slot periodicity. 

The example of slot configuration for ZP resource is illustrated in Table 1.
Table 1: ZP resource slot configuration 

	ZP resource slot configuration,
I
	ZP resource periodicity,

slots 
	ZP resource offset,

Slots

	0
	1
	I

	1 – 5
	5
	I-1

	6 – 15
	10
	I-6

	16 – 35
	20
	I-16

	36 – 75
	40
	I-36

	76 – 155
	80
	I-76



Allocated PRBs for ZP resource determines which PRBs (or set of PRBs with granularity of L PRBs) in the frequency domain are used by ZP resource and can be configured for the UE by using bitmap.
Proposal 2
· RE mapping resource configuration includes starting and ending symbols for PDSCH and PUSCH

· RE mapping resource includes configuration of ZP resource

· ZP resource configuration includes ZP RE unit type (e.g. 2x1 or 2x2 adjacent REs), ZP unit bitmap, allocated set of PRB in the frequency domain and slot configuration 

· ZP resource slot configuration support minimum periodicity of 1 slot and jointly indicates periodicity and slot offset
Collision handling of ZP resource with reference signals

In case of ZP resource collides with other reference signals, UE should assume the reference signal is present. For example, if ZP resource indicates ZP RE unit that collides with NZP CSI-RS resource, UE should assume that the corresponding ZP RE unit is dropped and NZP CSI-RS resource is present.

Proposal 3
· NR supports collision handling between ZP resource and RS by dropping ZP units
3 Discussion on resource sharing between PDCCH and PDSCH
At the RAN1#90 meeting, the following agreements were made regarding dynamic resource sharing between DL control and data channel [2]: 
	· 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.

· 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

· 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


3.1 Resource set configuration and granularity

As agreed in the RAN1#90 meeting, one or more resource sets can be configured for a given UE for semi-static or dynamic resource sharing between PDCCH and PDSCH [2]. With regard to resource set configuration and granularity in the frequency domain, the following options can be considered: 

· Option 1: Follow CORESET frequency domain configurability. This option can support both contiguous and non-contiguous resource allocation in frequency.

· Option 2: RBG size of the corresponding BWP. This option may achieve better alignment with data scheduling for PDSCH.

· Option 3: PRB level granularity. For this option, resource set configuration can be both contiguous and non-contiguous. In the former case, starting and end PRB can be configured in frequency. 

While it is evident that Option 3 can maximize the scheduling flexibility and spectrum efficiency for PDSCH transmission, this option may not be desirable in terms of signalling overhead. In our view, Option 1 with CORESET configuration granularity can be supported so as to achieve an appropriate tradeoff between signalling overhead and spectrum efficiency, which can also provide efficient multiplexing between PDSCH and PDCCH in CORESET level.  

Similarly, in the time domain, the following options can be considered for resource set configuration and granularity:

· Option A: Symbol-level and limited to first 3 symbols of a slot. This option is mainly targeted for slot level based resource sharing between DL data and control channel. 

· Option B: Using a bitmap of symbol indices. This option can support both symbol level and slot level CORESET in the resource set configuration. 

For these two options, Option B can provide better scheduling granularity on the PDSCH transmission compared to Option A, which can be used to efficiently multiplex slot based PDSCH and non-slot based CORESET. In this case, slot based PDSCH may be rate-matched around the symbol level COREST in the middle of one slot. In our view, Option B using a bitmap of symbol indices can be considered for resource set configuration in time. 

Note that both time- and frequency-domain granularity should allow to cover multiple CORESETs with possible “holes” or “gaps” between them. However, the UE may not be aware of any such “holes” or “gaps” within the resource sets that do not include any CORESET. Further, the resource sets are configured with an associated periodicity, such that at least periodicities in multiples of slots are supported. 

Proposal 4
· For resource set configuration, 

· In frequency, CORESET level frequency domain granularity is configured. 

· In time, a bitmap of symbol indices is configured. 

3.2 Signalling details for resource sharing between PDCCH and PDSCH

As agreed in the RAN1#90 meeting [2], two types of RRC signalling can be used for resource set configuration as follows:

· RRC_A configuration: this is used to configure the UE with certain resource sets that is to be used for rate-matching around the resource sets for any overlapping PDSCH. 

· RRC_B configuration: this is used to identify resource sets for which the PDSCH may or may not be mapped based on the L1 signalling. 

Note that RRC_A and RRC_B configurations can be provided to the UE via UE-specific RRC signalling. Further, RRC_B configuration for identifying resource sets that may be dynamically shared with overlapping PDSCH points to the set of resources in the RRC_A configuration for rate-matching. Such dynamic indication can be realized by a bitmap where each bit indicates whether the corresponding resource set can be reused for PDSCH mapping. Further, the length of bitmap can be equal to a maximum length depending on maximum number of resource sets that are configured in RRC_A configuration, which can help to simplify the operation and avoid potential DCI size mismatch due to variable number of resource sets in RRC_B configuration. 

For a given UE, if configured CORESET(s) is (are) configured in RRC_A configured, but not identified in RRC_B configuration, there is no dynamic resource sharing and rate-matching around scheduling PDCCH within the configured CORESET(s). Instead, the resource sharing is performed at resource set level or CORESET level. On the other hand, when the UE’s own CORESET(s) is (are) identified in RRC_B configuration, regular DCI signalling indicates the dynamic sharing that can be rate-matched around the DCI level.

Figure 2 illustrates one example of dynamic resource sharing of DL control and data channel for slot based transmission. In the figure, bitmap based approach is employed such that a subset of resource sets in RRC_B configuration is used for PDSCH resource sharing. Further, within configured CORESET, PDSCH is rate-matched around the DCI scheduling PDSCH transmission. 
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Figure 2. Examples of dynamic resource sharing of DL control and data channel

As mentioned above, dynamic sharing of PDCCH and PDSCH is mainly applicable for UE-specific DCI scheduling unicast PDSCH only. For common DCI scheduling common control messages, considering the possibility of UE missing the PDCCH carrying the common DCI, it may be more robust to define overlapping PDSCH as rate-matched around the entire CORESET. 
To define a single resource sharing framework, two options can be considered for the RE mapping indication (PQI) and dynamic sharing of PDSCH and PUCCH as follows:

· Option 1: multiple resource sets including both RB levels and RE levels configuration can be configured in a UE specific manner. Further, a single field in the DCI can be used to indicate which resource set including RE and PRB level mapping can be used for PDSCH rate-matching. 
· Option 2: separate indication is included in the DCI for PQI and resource sharing of PDSCH and PDCCH.

For option 1, resource set can be configured that scales from RE level to PRB level and a single field in the DCI can help to reduce signaling overhead. However, considering the potential forward compatibility and full flexibility of (re)configuration, it may be more desirable to consider to indicate RE level and PRB level resource mapping pattern in separate fields. 
Proposal 5
· Separate indications are included in the DCI for PQI and resource sharing of PDSCH and PDCCH, respectively. 

· Bitmap based approach is employed to dynamically indicate which resource set(s) is (are) used for PDSCH rate-matching.
4 Summary
In this contribution we provide our views on PDSCH / PUSCH RE mapping support, and dynamic resource sharing between PDSCH and PDCCH for NR. The following proposals were made:
Proposal 1

· NR supports dynamic and semi-static approaches for RE mapping resource indication
Proposal 2
· RE mapping resource configuration includes starting and ending symbols for PDSCH and PUSCH

· RE mapping resource includes configuration of ZP resource

· ZP resource configuration includes ZP RE unit type (e.g. 2x1 or 2x2 adjacent REs), ZP unit bitmap, allocated set of PRB in the frequency domain and slot configuration 

· ZP resource slot configuration support minimum periodicity of 1 slot and jointly indicates periodicity and slot offset
Proposal 3
· NR supports collision handling between ZP resource and RS by dropping ZP units

Proposal 4
· For resource set configuration, 

· In frequency, CORESET level frequency domain granularity is configured. 

· In time, a bitmap of symbol indices is configured. 

Proposal 5
· Separate indications are included in the DCI for PQI and resource sharing of PDSCH and PDCCH, respectively. 

· Bitmap based approach is employed to dynamically indicate which resource set(s) is (are) used for PDSCH rate-matching.
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