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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN1#90 and RAN1#90bis meeting, agreements [1][2] on resource sharing between PDCCH and PDSCH were reached as shown in Appendix A.
The contribution mainly discusses details on resource sharing between PDCCH and PDSCH, including configuration of resource set(s), L1 signaling design for resource set(s) associated with L1 signalling, handling overlapping of configured resource set(s).
Configuration of resource set(s)
In RAN#90bis meeting, it was agreed that a UE can be configured with one or more resource sets by RRC signalling, at least each resource set can be configured by two bitmaps includes the first bitmap of RB level granularity for frequency domain and the second bitmap of OFDM symbols for time domain for which the first bitmap applies.
As the control channel capacity is time-varying, at a time, not all of the resources of CORESETs would be used for PDCCH transmission. To increase the resource utilization efficiency, resources of CORESETs should be dynamically reused between control and data. As UE can be configured with the resource set(s) with the resources of which can be mapped by the scheduled PDSCH according to L1 signalling, in order to reuse the resource of CORESET for data, one or multiple resource sets configured by RRC signalling can be the CORESET(s) configured to UE for monitoring DCI or can contain the resource for the CORESET(s) for monitoring DCI. 
When a resource set is one of the CORESET(s) configured to the UE for monitoring DCI or contains the resource for a CORESET, and if the resource set is indicated that it can be mapped by scheduled PDSCH by L1 signalling, except for the PRBs used for control channel transmission, the remaining PRBs can be reused for data transmission. An example is shown in Figure 1, where a UE is configured with 2 resource sets, where resource set 1 contains a CORESET configured to the UE for monitoring DCI. L1 signalling can indicate whether the scheduled PDSCH is rate-matched around the resource sets or is mapped to the resources in resource sets. If L1 signalling indicates that the scheduled PDSCH is mapped to resource set 1, the scheduled PDSCH is mapped to the resources in resource set 1 except the resource occupied by PDCCH.
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[bookmark: _Ref492662940]Figure 1. An example of configuration of resource sets
In the RAN1#90 meeting, it was agreed that NR at least supports that 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. If only this form is supported for resource sharing between PDCCH and PDSCH, it means only when the CORESET only carries the PDCCH scheduling the PDSCH, the L1 signaling can indicate the scheduled PDSCH mapped to the resource in the resource set. The benefit seems limited because if there is also other PDCCH(s) transmitted in the CORESET, the scheduled PDSCH can only be indicated to rate-matched around the resource set. Therefore, other forms of resource sharing between PDCCH and PDSCH are needed.    
One alternative to enable reusing the unused PDCCH resource for data transmission even when other PDCCH(s) are also transmitted in the resource set in addition to the PDCCH scheduling the PDSCH is to align the REG bundle size in frequency domain and the RBG size for data scheduling. In this case, the resource that can be used for data transmission can be indicated by resource allocation field. That is, the scheduled PDSCH can be mapped to all the resources in the resource set allocated by the resource allocation field. The collision between the resource for PDCCH transmission and PDSCH transmission can be avoided by resource allocation field when some resource allocation type is used, e.g. bit map indication based on RBG granularity. Figure 2 illustrates an example of the data channel multiplexing with the control channel with the REG bundle size in frequency domain being 3. When the RBG size of 3, as illustrated in Figure 2, is used for data channel resource allocation, collisions between control channel and data channel can be avoided and all the unused resource in the CORESET can be used for the scheduled PDSCH
According to the agreed REG bundle size for PDCCH, the REG bundle sizes in frequency domain can be 2 or 6 for a 1-symbol CORESET with interleaving and 1 or 2 or 3 or 6 for 2/3 symbols CORESET with interleaving. On the other hand, it was agreed that the RBG size includes at least 2, [3], 4, [6], 8, and 16 in NR. To achieve the benefits for resource sharing between PDCCH and PDSCH, both 3 and 6 should also be supported for data transmission in NR. 
Proposal 1: RBG size 3 and 6 should also be supported for data transmission in NR.
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[bookmark: _Ref492663056]Figure 2. Example of data channel multiplexing with control channel with RBG size of 3 PRBs.
During the RAN1#90bis meeting, there was some proposal that one resource set could contain resources of  multiple CORESETs and can be mapped by scheduled PDSCH by L1 signalling. In this case, as the granularity of CORESET allocation in frequency domain is 6RBs, the granularity of resource set(s) resource allocation can be 6 RBs also, which can reduce the overhead of first bitmap for resource set configuration. That is, in frequency domain, resource set containing resources of CORESET(s) is configured by first bitmap with every bit represent 6 contiguous RBs.
Proposal 2:  In frequency domain, the resource set containing resources of CORESET(s) is configured by a bitmap with every bit representing 6 contiguous RBs.
L1 signalling for resource sharing between PDCCH and PDSCH
According to the agreements in RAN1#90 meeting, two possible solutions were agreed for resource sharing between PDCCH and PDSCH. One is the scheduled PDSCH is rate-matched around the overlapped resource set(s) configured by RRC signaling. Another is L1 signaling indicating whether the scheduled PDSCH is rate-matched around the resource set(s) or is mapped to the resources in the resource set(s) which can be configured by UE-specific RRC signaling. In addition, if the RBG size of PDSCH is aligned with the REG bundle size in the frequency domain, at least for some resource allocation type such as type 0, the scheduled PDSCH can be mapped on all the resources indicated by resource allocation field in the DCI. For the first case and the last case, it can work without additional L1 signaling for resources sharing between PDCCH and PDSCH. Without the L1 signaling, the DCI payload can be further reduced. Therefore, it is necessary to introduce higher layer signaling to indicate whether additional field is needed in the DCI for resource sharing between PDCCH and PDSCH.
For resource sharing between one resource set and PDSCH, 1 bit field in the DCI scheduling the PDSCH can indicate whether the scheduled PDSCH is rate-matched around the resource set or is mapped to the resources in the resource set. But if UE is configured with two or more resource sets, resource set reusing may be indicated with a bitmap, one bit is for each resource set, to achieve higher reuse efficiency of resource sets.
Proposal 3: For each configured resource set, whether L1 signaling is enabled for PDCCH and PDSCH resource sharing is configured by higher layer signaling.
Proposal 4: 1 bit in UE-specific DCI is needed to indicate whether the scheduled PDSCH is rate-matched around a resource set or is mapped to the unused resources in the resource set.
· More than 1 bit is supported if more than one resource set is configured for resource sharing between PDCCH and PDSCH.
Handling overlapping of the configured resource sets
Since two resource sets for a UE are configured independently, it is possible that these two resource sets would overlap. Although the L1 based indication is still not nailed down, as an example, the following discussion is based on resource set granularity. As shown in Figure 3, for UE 1, two overlapped resource sets can be configured, and a CORESET for UE 2 can be included in resource set 2. If there is a PDCCH for UE 2, resource set 2 cannot be multiplexed for PDSCH transmission of UE 1. Furthermore, whether resource set 1 can be indicated as available resources for PDSCH transmission of UE 1 needs further study.
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[bookmark: _Ref498705010]Figure 3. Overlapped resource sets
· Option 1: inconsistent L1 signaling indication cannot be supported.
With option 1, overlapped resources can only be indicated in the same reusing way, e.g. L1 signaling indicates the scheduled PDSCH is rate-matched around resource set 2 and resource set 1. Then UE 1 will assume all resources of resource set 1 cannot be reused for PDSCH transmission. As shown in Figure 4, PDSCH cannot be transmitted on the resource set 1.  
With option 1, gNB cannot configure inconsistent indication. If a UE receives a DCI with inconsistent indications of utilizing two resource sets, the DCI will be regarded as an invalid DCI, thus the UE will not receive PDSCH according to the DCI. 
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[bookmark: _Ref498707562]Figure 4. Overlapped resource sets
· Option 2: inconsistent L1 signaling indication can be supported.
With Option 2, overlapped resources can be indicated inconsistently, e.g. L1 signalling indicates the scheduled PDSCH is rate-matched around resource set 2 but is mapped to the resources of resource set 1. Then UE 1 will assume the overlapped resources cannot be reused but the remaining resources of resource set 1 can still be reused for PDSCH transmission, which means the overlapped resources are treated as the outcome of logical AND operation. As shown in Figure 5, PDSCH cannot be transmitted on the overlapped resources but can be transmitted on the rest part of the resource set 1. Compared to option 1, option 2 provides higher possibility of reusing resources in the resource sets efficiently. As shown in Figure 5, more resources will be available for PDSCH transmission. Therefore, option 2 is preferred.
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[bookmark: _Ref498707627]Figure 5. An example of resource sets with overlap

Proposal 5: Inconsistent L1 signaling indication of two resource sets with overlap is supported.
·  The overlapped resources are treated as the outcome of logical AND operation.

Joint mapping to constellation symbols for control and data
When the scheduled PDSCH overlaps with the NR-PDCCH that is scheduling the PDSCH, one possible resource sharing solution is to perform rate matching of the scheduled PDSCH around the NR-PDCCH scheduling the PDSCH. Obviously, joint mapping of the NR-PDCCH scheduling the PDSCH and PDSCH to constellation symbols is possible and has benefits.
Joint mapping of PDSCH and PDCCH scheduling the PDSCH can be seen as a [MUST] scheme in which control and data are jointly Gray-mapped to uniform QAM constellation symbols [3] (i.e. MUST with restricted set of power ratios). Control information is mapped to bits in the constellation with highest bit-level capacity (i.e., as in QPSK). The other bits are used for the scheduled PDSCH. In this way, the PDCCH can be seen as a MUST-transparent far UE, therefore blind decoding of control information is possible even without knowledge of whether there is a superposed PDSCH. .  
Signaling aspects 
Agreed L1 dynamic signaling is enough to indicate if PDSCH is mapped to resources in the resource set. More importantly this type of mapping can reduce signaling related to pre-allocation of resource set(s) and alleviate the scheduling restriction that such a pre-allocation brings. Moreover, it can enable better resource utilization efficiency.
For example in Figure 6 (a) when rate matching is used, Node-B should pre-allocate via RRC signaling the resource set shown on pink color. Then an L1 signaling would indicate that data is used in this resource set with rate matching. This type of rate matching obviously brings scheduling restriction and needs pre-allocation of resources by RRC signaling. While in Figure 6 (b) with joint mapping of control and data resources, there is no need to pre-allocate resource sets. Agreed L1 signaling is enough to indicate resource sharing, thereby no pre-allocation of data is required. Additionally, no scheduling restriction happens and obviously a better resource efficiency is guaranteed.  
Observation 1: Resource sharing of control and data provides better resource utilization efficiency and alleviates the reduction of scheduling flexibility induced by rate matching around PDCCH.  
Proposal 6: NR supports mapping of control and data information for the same user to the same resources.



[bookmark: _Ref498707680]Figure 6. Indication of mapping PDCCH scheduling PDSCH: (a) with rate matching; (b) with joint mapping.

Conclusions
The observation and proposals made in this paper are summarized as follows:
[bookmark: OLE_LINK21]Proposal 1: RBG size 3 and 6 should also be supported for data transmission in NR.
Proposal 2:  In frequency domain, the resource set containing resources of CORESET(s) is configured by a bitmap with every bit representing 6 contiguous RBs.
Proposal 3: For each configured resource set, whether L1 signaling is enabled for PDCCH and PDSCH resource sharing is configured by higher layer signaling.
Proposal 4: 1 bit in UE-specific DCI is needed to indicate whether the scheduled PDSCH is rate-matched around a resource set or is mapped to the unused resources in the resource set.
· More than 1 bit is supported if more than one resource set is configured for resource sharing between PDCCH and PDSCH.
Proposal 5: Inconsistent L1 signaling indication of two resource sets with overlap is supported.
· The overlapped resources are treated as the outcome of logical AND operation.
Observation 1: Resource sharing of control and data provides better resource utilization efficiency and alleviates the reduction of scheduling flexibility induced by rate matching around PDCCH.  
Proposal 6: NR supports mapping of control and data information for the same user to the same resources.
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Appendix A
In RAN1#90, agreements on the configuration of resource set(s) were reached:
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.
· 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

In RAN1#90bis, agreements on the configuration of resource set(s) were reached:
Agreements:
· On the RB-symbol level, UE can be configured with one or multiple DL resource set(s), each resource set configuration includes a first bitmap of RB granularity and a second bitmap of OFDM symbols within a slot for which the first bitmap applies (i.e. the intersection of two bitmaps). 
· These resource set(s) can be identified as resource sets(s) for which the PDSCH is or is not mapped based on the L1 signalling.
· FFS whether or not the presence of the information field to indicate the resource set is RRC configurable 
· FFS whether a resource set is applicable in every slot or not (e.g., via a periodic configuration, etc.)
· Whether or not there is RRC impact
· FFS the case of one DCI scheduling multi-slot transmission
· Note: covers future/backward compatible resource, parts of CORESETs, multiple CORESETs
· FFS L1 signaling is GC PDCCH or scheduling DCI
· CORESET(s) configured to a UE for monitoring can be included in resource set(s)
· If included, the entire COREST is assumed for rate matching when applicable
· These resource set(s) can be identified as resource sets(s) for which the PDSCH is or is not mapped based on the L1 signalling.
· FFS the configuration details of rate matching for semi-static case (w/o L1 signalling)
After Email discussion, the following working assumption and agreements were achieved on reserved resource and rate-matching:
Working assumptions: 
·  On the RB-symbol level, NR supports at least UE specific RRC configuration of at least the following parameters for a rate-matching resource set(s)
· A UE can be RRC configured with one or multiple pairs of bitmap-1 and bitmap-2, each pair determining a time-frequency resource set, i.e. kronecker(transpose(bitmap-1), bitmap-2)  
· a bitmap-1 of at least RB granularity (up to 275 bits, one bit corresponding to one RB)
· FFS whether other granularities, e.g. 2,4, 6, 8,16 RBs, maximum number of RBs, are also supported
· a bitmap-2 of 14 symbols (i.e. 1 slot) in time for which the first bitmap applies (one bit per symbol) 
· FFS: support of bitmap-2 of size 28 a 56 symbols
· FFS configuration of bitmap-1 and bitmap-2 pairs or other method by RMSI/OSI

Agreements:
· On the RB-symbol level, for a rate-matching resource set(s),  NR supports  at least UE specific RRC configuration of bitmap-3 in addition to  bitmap-1 and bitmap-2 pair
· A UE can be RRC configured with one bitmap-3 per each pair of bitmap-1 and bitmap-2 
· each bit in bitmap-3 corresponds to a unit equal to a duration of the bitmap-2, and indicates whether the pair is present in the unit or not 
· bitmap-3 is composed of {1, 5, 10, 20 or 40 units} but is at most of duration [down-select between 20 or 40 ms] 
·  The length of bitmap-3 for different bitmap-1 and bitmap-2 pairs can be different.
· When bitmap-3 length is 1, bitmap-3 is not explicitly configured.
· the rate-matching configuration repeats in time with periodicity equal to duration of bitmap-3
· a UE rate-matches around union of resources (i.e resrouce sets) where, each resource is expressed by a set of bitmap-1, bitmap-2 and bitmap-3. 
· FFS: whether the bitmap-3 is configured or not when the pair of bitmap-1 and bitmap-2 is associated with L1 signalling.
· Note: the bitmap-3 can be configured at least for the pair of bitmap-1 and bitmap-2 is not associated with L1 signalling.
· FFS configuration of bitmap-3 or other method by RMSI/OSI

Agreements:
· On the RB-symbol-level, the pair(s) of bitmap-1 and bitmap-2 is/are configured: 
· UE can be configured with resource set(s) 
· Alt1: either only per cell or only per BWP
· Alt2: no restriction 
· using common PRB indexing when configured per serving cell 
· the resource set is configured with a given numerology. FFS on conversion of the given numerology to numerology of the active BWP. 
· using UE-specific PRB indexing when configured per BWP 
· the resource set is configured in numerology of a BWP. 
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