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1 Introduction
There are two use cases or features relevant to this discussion: 
· Forward compatible resources: Forward compatible resources have been discussed since the very beginning of the NR study item. Forward compatible resources work akin to MBSFN subframes in LTE Rel. 8, however, are supposed to offer vastly higher degrees of flexibility. For example, MBSFN subframes were exclusively designed for a single future use case, namely, MBMS. This, later, turned out to be a significant detriment in the usage of MBSFN subframes for forward compatibility. For once, MBSFN subframes can only be configured in the time domain, i.e., there is not frequency domain configurability, e.g., in terms of PRBs. Secondly, due to the partitioning of MBSFN subframes into MBSFN and non-MBSFN regions, their usage for forward compatibility in reality is restricted to the OFDM symbols in the MBSFN region which don’t carry any cell-specific signals or channels—unlike the non-MBSFN region which carries cell-specific, always-on reference signals and control channels. Moreover, the configuration of MBSFN subframes is limited to a subset of subframes, thereby their usage for forward compatibility is further reduced. 
· Resource sharing between PDSCH and PDCCH: This use case is similar to the discussions in Rel. 11 when the EPDCCH was specified for LTE. Then, when the PDSCH overlaps with the scheduling EPDCCH, two rate matching schemes were discussed. 
· Alt. 1: When the PDSCH overlaps with the scheduling EPDCCH, the PDSCH is rate matched around the REs actually occupied by the EPDCCH that schedules the PDSCH

· Alt. 2: When the PDSCH overlaps with the scheduling EPDCCH, the PDSCH is rate matched around the semi-statically configured PRBs for EPDCCH transmissions for that UE

In LTE, the agreed UE behaviour is Alt. 2 whereas for NR, the agreed UE behaviour is Alt. 1, see agreements below. The motivation for that change is that in mmWave systems, RF hardware can create narrow “pencil beams” to overcome the near field loss, noise floor, and penetration loss by means of increased beamforming gains. However, as a result, user multiplexing is severely limited, for once, since only a small number of users will be in the coverage of said pencil beams (due to the inherent narrow beam width) and moreover, since said beamforming is in the analog RF domain, the beamforming is wideband thereby prohibiting FDM of users on any given beam. Hence, it makes sense to assume that if a UE is scheduled in a narrow pencil beam, it is the only user served by said beam and hence, its PDSCH can be rate matched around resources in the CORESET not used for the actual PDCCH transmission scheduling the PDSCH:  

	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



However, for other deployments, e.g., in sub-6GHz spectrum, the legacy UE behaviour (Alt. 2) may still be beneficial since it allows to multiplex many users within one CORESET, i.e., a given PDSCH is not only rate matched around its own PDCCH but also, possibly, around other UE’s PDCCHs in the CORESET.

With respect to these two use cases, RAN1 decided during RAN1 #90 to address both of them—forward compatible resources and resource sharing between PDSCH and PDCCH—within the same framework called resource sets.
	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 signaling 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



In this contribution, we discuss remaining details of resource sets in light of these two use cases. The remaining details that need to be decided for resource sets include their granularity and the associated L1 signaling.
2 Granularity of Resource Sets
One of the most crucial aspects for the first release of a new radio interface is the consideration of forward compatibility. As mentioned above, the first release of LTE, for example, specified MBSFN subframes even though the MBMS feature itself was not specified until its second release. MBSFN subframes are broadcasted in the system information and are configured for all UEs of all LTE releases. They have proven a powerful tool for forward compatibility beyond the introduction of MBMS services, albeit with the aforementioned constraints. For example, MBSFN subframes have been used to create almost blank resources in Rel. 10 eICIC in a backward compatible manner and to create lean carriers in the FeMBMS and LAA work items. 

In NR, utmost care thus needs to be taken with regard to forward compatibility. In fact, forward compatibility should not only be ensured for services we know will be supported by 5G—similar to the case of MBMS in LTE Release 8—even for services that are yet unknown the air interface should provision the necessary means to introduce them in future releases without significant impact on legacy operations. 

In addition to being able to multiplex new services in either the time or frequency domain into the NR frame structure, forward compatibility with respect to new reference signals ought to be considered as well. For example, LTE did not provision any means for the introduction of CSI-RS in LTE Rel. 10 without impacting performance of legacy devices. In order to avoid such limitations in future releases of NR, RE level granularity of the PDSCH RE mapping and rate-matching within a PRB should be supported.  

Proposal 1: PDSCH RE mapping signalling should support per RE level granularity within a PRB
3 Signaling Framework
In Release 11, a new transmission mode was introduced for LTE, namely, TM10. TM10 allows the eNB to signal in the “PDSCH RE Mapping and Quasi-Co-Location Indicator” (PQI) field of DCI format 2D the RE mapping pattern for the associated PDSCH. Two bits allow the eNB to choose from four parameter sets that are RRC configured. In particular, the RE mapping pattern for a given parameter set is implicitly derived from the following parameters:

· crs-PortsCount-r11. 
· crs-FreqShift-r11. 
· mbsfn-SubframeConfigList-r11.
· csi-RS-ConfigZPId-r11.
· pdsch-Start-r11.
· qcl-CSI-RS-ConfigNZPId-r11. 
· zeroTxPowerCSI-RS2-r12 (conditional)

A similar design (RRC based semi-static configuration and DCI based dynamic selection) can be applied to the NR system. More specifically, RRC signalling can configure multiple PDSCH RE mapping patterns and the scheduling DCI can select one out of configured patterns. 

Proposal 2: Adopt a two level signalling framework for PDSCH RE mapping similar to LTE: RRC signalling to configure multiple mapping patterns and scheduling DCI to select one for current PDSCH
The RRC signalling of each pattern should at least include the following: 

1. The configuration of some RS/channels that PDSCH RE mapping should avoid, below are examples:

a. NR CORESET configurations 

b. NR CSI-RS configurations 

c. NR PDSCH starting symbols

d. NR PDSCH ending symbols 
2. Per RE level mapping pattern, with the following signaling:
a. One bitmap where each bit represents one RE (e.g., 12 subcarrier x 14 OFDM symbols) 

b. If included in the RRC signaling, this bitmap will overwrite the configuration from step 1
3. Optionally, subband information can be included to indicate which subband the reserved resources are applied to
Signalling steps 2 and 3 are optional information in the RRC signalling which means they may not be included.
Proposal 3:
· Dynamic indication of the PDSCH RE mapping behavior is supported

· N bits in the DCI select one of 2N  RRC configured PDSCH RE mapping pattern

· FFS: value of N 

· RRC based PDSCH RE mapping pattern configuration, each PDSCH RE mapping patterns may include:

· The configuration of some RS/channels that PDSCH RE mapping should avoid, below are examples:

· NR CORESET configurations 

· NR CSI-RS configurations 

· NR PDSCH starting symbols

· NR PDSCH ending symbols 

· Per RE level mapping pattern, with the following example signaling:

· One bitmap where each bit represent one RE (e.g., 12 subcarrier x 14 OFDM symbols) 

· If included in the RRC signaling, this bitmap will overwrite the configuration from step 1 

· Optionally, subband information can be included to signal the applicable subband the reserved resources are applied to
4 Compact Signaling 
There may be some concern that the signaling framework in Section 3 will result in large signalling overhead: for 12 subcarriers and 14 OFDM symbols, 168 bits are needed for per RE granularity within a PRB. Instead of using one large bitmap, two shorter bitmaps could be used to reduce the signalling overhead. With two bitmaps for the time and frequency domain separately, it is possible to construct a RE mapping in the granularity of RE level. 

For example, bitmap 1 is [image: image2.png]


 where l is the index for OFDM symbols. Meanwhile, bitmap 2 is [image: image4.png]


 where k is the index for OFDM subcarriers. The final reserved resource mapping is defined as 
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where 
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 are RRC signalling configured bitmaps.
The below figure illustrates the definition of the two-dimensional bitmap. Bitmap 1 and bitmap 2 are higher layer configured and the reserved resource set is defined according to both bitmaps. For a particular resource element, the corresponding subcarrier and symbol index can map this RE to both bitmaps. If the bit in both bitmaps is 1, then the RE is considered part of the reserved resource set. 
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As mentioned in Section 3, these patterns could be applied to either all PRBs (wideband) or a subset of PRBs. In the latter case, these patterns could also be used to rate match around CORESETs thereby addressing both use cases, forward compatibility and resource sharing between PDSCH and PDCCH. Even for several configured subbands, the signaling overhead would be less than signaling two bitmaps, one for each OFDM symbol and one for each PRB. 
5 Conclusion

In this contribution, we discussed the remaining details of resource sets which include their granularity and the associated L1 signaling. The following is proposed:
Proposal 1: PDSCH RE mapping signalling should support per RE level granularity within a PRB
Proposal 2: Adopt a two level signalling framework for PDSCH RE mapping similar to LTE: RRC signalling to configure multiple mapping patterns and scheduling DCI to select one for current PDSCH
Proposal 3:
· Dynamic indication of the PDSCH RE mapping behavior is supported

· N bits in the DCI select one of 2N  RRC configured PDSCH RE mapping pattern

· FFS: value of N 

· RRC based PDSCH RE mapping pattern configuration, each PDSCH RE mapping patterns may include:

· The configuration of some RS/channels that PDSCH RE mapping should avoid, below are examples:

· NR CORESET configurations 

· NR CSI-RS configurations 

· NR PDSCH starting symbols

· NR PDSCH ending symbols 

· Per RE level mapping pattern, with the following example signaling:

· One bitmap where each bit represent one RE. (e.g., 12 subcarrier x 14 OFDM symbols) 

· If included in the RRC signaling, this bitmap will overwrite the configuration from step 1 

· Optionally, subband information can be included to signal the applicable subband the reserved resources are applied to
