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1. Introduction
At the RAN1#90 meeting, the following agreements were achieved in order to reuse DL control resources for data transmission [1]: 
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
This agreement establishes a framework for rate matching a scheduled PDSCH around semi-statically configured physical resources. Further discussions took place at the RAN1 AH #NR3 meeting but no agreement could be reached in the control session. Separately, the following agreement was achieved in MIMO session:
Agreement:

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

This contribution is an update of [2] taking into account the discussions at the last meeting.
2. Discussion
2.1 RRC configuration for different type of resource set
It was proposed in [2] to support two categories of resource sets, a first category for which a PDSCH is always rate matched around, and a second, more flexible category, where PDSCH may or may not be rate matched around. 
For both categories of resource sets (flexible and inflexible) the signaling granularity should be different. For multiplexing between a CORESET and PDSCH, a larger granularity is sufficient, e.g. RB-level or CORESET level. However, RE-level resource set may be required for rate matching or puncturing PDSCH or PUSCH around reference signals.  
With regard to the above different requirements on resource set configuration, several options could be considered.
· Type 1: Resource sets consisting of multiple PRBs 
· Type 2: Resource sets with RE-level granularity
As discussed in the previous meeting, one approach for Type1 is that resource sets are configured by a first bitmap of RBs and a second bitmap of OFDM symbols for which the first bitmap applies. Fewer information bits are needed with the penalty of less flexibility. For simplicity, we give an exemplary figure where 5 sub-bands in frequency domain and 7 OFDM symbols in time domain are assumed. Two CORESETs are mapped to different sub-bands as shown with CORESET1 on the first symbol and CORESET2 on the second symbol. The indicating bitmaps are (11011) in frequency and (1100000) in time respectively. From a UE perspective, the resource sets to rate match around are super-sets of the configured CORESETs as shown in the figure. This would be quite inefficient resource utilization.
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Figure1: One example for type1 configuration 
Another ambiguity occurs if two CORESETs are located on adjacent OFDM symbols but occupy the same frequency domain resources. For example, in Figure 1 CORESET1 is (1, 3), while CORESET2 occupies (2, 4). It is not possible to indicate to the UE to rate match PDSCH around CORESET1 but map PDSCH onto CORESET2. 
One way to solve these two issues is to configure each resource set with separate fields, e.g. reuse the RA configuration as used for CORESET, or introduce a set of bitmaps (bitmap1 and bitmap2) for each resource set. The limitation is that if the number of configured resource sets is larger the signaling overhead is more than Type 1. 

A different solution is to partition the BW of the BWP into blocks as shown in Figure 1 and index them in increasing of (e.g. first frequency and then time). For N frequency partitions and L time partitions, the length of the bitmap is N*L. In the example shown in Figure 1, 35 bits would be required.  A similar mechanism is proposed for pre-emption indication signaling. The required number of bits could be further reduced if we confine the number of resource sets or increase the granularity. For example, the resource sets only occupy the first two symbols in a slot or a larger granularity in frequency is adopted. Furthermore, the number of configured resource set should also be limited if bitmap is used to indicate the rate matching information in order to avoid introducing too much overhead in DCI.
Regarding to type2 resource set configuration, the key purpose is configure the resource set potentially occupied by reference signal, e.g. NR RS, LTE RS and additional RS that may be introduced in a future release. Three bitmaps could be considered in order to achieve this RE-level resource set configuration. Resource sets configured by a first bitmap of length 12 corresponding to subcarriers within a PRB, a second bitmap of length 14 corresponding to OFDM symbols in a slot where the first bitmap apply, and a third bitmap of length NRB corresponding to the RBs where the first two bitmaps apply. This signaling mechanism defines a regular pattern which repeats in every PRB in the time-frequency region. A disadvantage, however, is that it would not support non-regular RS patterns such as LTE PRS. Additionally, the actual number of REs occupied by RS may change in different PRBs due to different RS configurations such as different CSI-RS/TRS/PTRS configurations. From this point of view, we slightly prefer to indicate the resource set(s) related to RS configurations by indicating the specific RS pattern.
Proposal 1: Two types of resource set configuration can be specified 
· A first type with RB-level granularity where the time-frequency region of the BWP is partitioned into smaller units, or a set of bitmaps is defined for each resource set 
· A second type with RE-level granularity where a given RE-pattern (e.g. RS pattern) is configured.
2.2 PDSCH rate matching around CORESET
As discussed in the previous section, a general solution that takes into account CORESETs that are not located at the beginning of the slot is to partition a part or the whole of the time-frequency region of the active BWP into several resource sets as shown in Figure 2. With this solution, a UE can be flexibly configured to assume that PDSCH resources overlapping with a given resource set are rate matched around, or mapped onto, this resource set. The configured resource sets could include all CORESETs configured within the active BWP for a UE from a network perspective, including CORESETs configured for other UEs.
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Figure 2 Illustration of resource sets with PDSCH rate matched around an overlapping resource sets
Note that multiplexing efficiency (equivalently resource utilization) depends on the size of the resource sets as the PDSCH has to be rate matched around the entire resource set. Depending on the DCI overhead that can be tolerated, finer resource set granularity could be considered down to REG bundle level. However our current preference is to assume a coarse level of granularity on the order of the configured CORESETs within the active BWP.
A bitmap of length equal to the number of configured resource sets may be included in the DCI scheduling PDSCH. Each bit in the bitmap indicates to the UE whether PDSCH is mapped onto or rate matched around overlapping resources in the indicated resource set. If the resource allocation does not overlap with a given resource set, the corresponding bit in the bit field is unused. 
The signaling overhead of the solution in Proposal 2 may be too high for some use cases. One solution to reduce the overhead is to introduce a 1-bit ON/OFF indicator instead of indicating the status of each resource set. The ON status means resources in resource sets that overlap with a given PDSCH are used for data transmission whereas the OFF status means PDSCH is rate matched around overlapping resource sets. For example, when the traffic load is quite low, there are only few UEs which are scheduled within the slot. The blockage probability between PDCCH and PDSCH is quite low and the scheduling DCI could indicate an ON indicator which means all the reserved resource set could be used for PDSCH. 
Proposal 2: Two solutions can be considered with respect to dynamic signaling for PDCCH resource reuse for PDSCH transmission
· Option 1: A bitmap of length equal to the number of semi-statically configured resource sets is included in the DCI scheduling a PDSCH. Each bit in the bitmap indicates whether PDSCH is mapped onto or rate matched around overlapping resources in the indicated resource set.

· Option 2 (lower overhead): A 1-bit ON-OFF indicator field is included in the DCI scheduling PDSCH. The ON value indicates that resources in resource sets that overlap with a given PDSCH are used for PDSCH transmission whereas the OFF value indicates that PDSCH is rate matched around overlapping resource sets.  
2.3 PDSCH/PUSCH rate matching around reference signal
As discussed in contribution [2], for the LTE-NR co-existence scenario the LTE reference signal should be handled carefully. NR system should support the configuration for reserved resource set to avoid interference for LTE system. In addition to the inter-system reference signal configuration, the UE behavior on how to rate match around NR-RS should also be defined. Some foreseen scenarios between NR-RS and PDSCH/PUSCH are listed below:
1. PDSCH rate matching around DMRS

One use case is for UEs that are paired together for transparent MU-MIMO transmission. A UE only knows the information for its own DMRS antenna port and cannot predict which DMRS REs are occupied by the other UE’s DMRS. Considering there are up to 12 orthogonal DMRS ports which occupy the whole RB in frequency domain within one OFDM symbol, throughput degradation is inevitable if PDSCH is rate matched around all the potential DMRS. One possible solution is to indicate the DMRS antenna port index used by the other paired UE(s) in the scheduling DCI in addition to a UE’s own antenna port. Since up to 12 orthogonal antenna ports are multiplexed via FDM+CDM, only the antenna ports that are separated via FDM are necessary to be indicated. Take the following figure 3 as an example, 2 bits introduced in DCI is sufficient to indicate the rate matching information for the DMRS [4].
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Figure 3: Possible DMRS configuration
2. PDSCH rate matching around CSI-RS

In the last meeting, it was agreed that RMR(s) for PDSCH resource mapping includes CSI-RS REs at least. How to configure the RMR of CSI-RS was extensively discussed in the MIMO session [5]. The RMR of periodic CSI-RS could be configured/indicated via bitmap in order to guarantee the flexibility and forward compatibility. However, this bitmap configuration cannot cover all the possible RS patterns, e.g. the RS with diagonal pattern. Instead, the RMR could be configured by using configuration parameters for target RS patterns. Regarding to the transmission of aperiodic CSI-RS is triggered by the scheduled DCI, the present of the other UE’s aperiodic CSI-RS cannot be predicted. Furthermore, the overhead is too large to be tolerated if the rate matching indication for aperiodic CSI-RS is carried in the DCI. Therefore, the aperiodic CSI-RS could puncture the overlapped PDSCH.
3. PUSCH rate matching around SRS
Regarding SRS transmission, the following agreements were achieved at the last meeting:
Agreement:

· An SRS resource can be configured to occupy a location within at least the last 6 symbols in a slot.

· FFS other location in a slot or using all UL OFDM symbols in a slot depending on the results of antenna switching discussions
· From UE perspective, no FDM between SRS and short PUCCH

· From UE perspective, when PUSCH is scheduled in a slot, SRS may be configured at least after the scheduled PUSCH and the corresponding DMRS. Study further whether SRS may be configured before the scheduled PUSCH and the corresponding DMRS
As the SRS resource can be configured to occupy a location within at least the last 6 symbols in a slot, a scheduled UE cannot know whether there is any other UE’s SRS within its own PUSCH region. Furthermore, the SRS may be transmitted in consecutive or non-consecutive OFDM symbols depending on the configuration [6]. An example is shown in the following figure 4. Regarding the SRS resource is configured UE-specifically, gNB has to indicate on which potential OFDM symbol(s) the SRS may be transmitted. Consequently, the scheduled PUSCH should be rate matched around these indicated symbols. A bitmap with length of 6 could be used to indicate the time domain location of the SRS, e.g. the indication bitmap is 0100101 for the following example. The overhead is high and further optimization is necessary.
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Figure 4: SRS resources mapping on non-consecutive OFDM symbols
Observation: Rate matching indication at least for DMRS of PDSCH and SRS should be carried by DCI.

· 2 bit could be used to indicate the rate matching around DMRS for PDSCH when MU-MIMO is applied

· PDSCH should rate match around the periodic CSI-RS

· The bit length used to indicate the rate matching around SRS for PUSCH is FFS
3. Conclusion
In this paper we discuss further details dynamic signaling of resource sets for multiplexing of PDCCH and PDSCH. We make a key observation and present two proposals,
· Observation: Rate matching indication at least for DMRS of PDSCH and SRS should be carried by DCI.
· 2 bit could be used to indicate the rate matching around DMRS for PDSCH when MU-MIMO is applied
· PDSCH should rate match around the periodic CSI-RS
· The bit length used to indicate the rate matching around SRS for PUSCH is FFS
· Proposal 1: Two types of resource set configuration can be specified
· A first type with RB-level granularity where the time-frequency region of the BWP is partitioned into smaller units, or a set of bitmaps is defined for each resource set 

· A second type with RE-level granularity where a given RE-pattern (e.g. RS pattern) is configured.
· Proposal 2: Two solutions can be considered with respect to dynamic signaling for PDCCH resource reuse for PDSCH transmission
· Option 1: A bitmap of length equal to the number of semi-statically configured resource sets is included in the DCI scheduling a PDSCH. Each bit in the bitmap indicates whether PDSCH is mapped onto or rate matched around overlapping resources in the indicated resource set.
· Option 2: A 1-bit ON-OFF indicator field is included in the DCI scheduling PDSCH. The ON value indicates that resources in resource sets that overlap with a given PDSCH are used for PDSCH transmission whereas the OFF value indicates that PDSCH is rate matched around overlapping resource sets.  
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