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1. Introduction
In previous RAN1 meeting, agreements related to search space and CORESET were made as follows;
	Agreements:
· Confirm the WA ‘Re-use NR DL RA Type 0 basis in units of 6 RBs, where no restriction on the maximum number of segments for a given CORESET’ with the following clarifications:
· This is for the case when the CORESET is configured by at least UE-specific RRC signalling. 
· FFS the RB indexing for resource allocation especially considering interaction with DL BWP
· Details of resource allocation should take into account the interaction with DL BWP – FFS details



In this contribution, we discuss CORESET configuration, nested structure and multi-beam operation for NR-PDCCH.

2. Discussions 
2.1. RB indexing for resource allocation of a CORESET
According to the previous agreement, for a UE, a configured DL (or UL) BWP may overlap in frequency domain with another configured DL (or UL) BWP in a serving cell, and the maximum number of DL/UL BWP configurations is 4. (i.e., 4 DL BWPs and 4 UL BWPs for paired spectrum, 4 DL/UL BWP pairs for unpaired spectrum, and 4 UL BWPs for SUL) Considering the interaction with DL BWP, RB indexing for resource allocation of a CORESET can be done by using one of following options;
Option 1) Common RB indexing
The common RB indexing means one reference point is pre-defined or configured, for example, PRB#0 can be used as a reference point of RB indexing. As mentioned above, different BWPs can be overlapped in frequency domain, so it may be possible that some CORESETs can be shared by multiple BWPs. In this case, the common RB indexing can decrease the number of CORESET configurations, while RA field length is larger because the number of RBs to be indexed is increased. Another advantage of this option is that the number of CORESET configurations can be decreased as some CORESETs can be shared among multiple BWPs, while the BWP specific RB indexing requires more CORESET configurations, and more CORESET reconfigurations are needed because BWP switching or BWP reconfiguration requires new CORESET configuration.
Option 2) BWP specific RB indexing  
The BWP specific RB indexing is simple. A gNB signals CORESET configuration for each BWP, and new CORESET configuration can be indicated when BWP reconfiguration is occurred. In terms of signaling overhead, the number of CORESET configuration is increased, while each RA filed in each CORESET configuration may have small size. In addition, it may not require further studies (for example, CORESET sharing mechanism among multiple BWP, search space configuration on each BWP, etc.) compared to common RB indexing. 
In our view, either approach can be used. However, when local PRB indexing is used within a BWP, further clarification on forming ‘6RBs’ for CORESET configuration seems necessary. As BWP may not start aligned with 6 RBs in a network carrier, to align among different UEs CORESETs with different BWPs, it is desirable that 6 RBs are formed based on common PRB indexing, or an offset where 6RB grids start. We consider RBGs can be formed based on common PRB indexing generally as discussed in our companion contribution [RA-contribution]. 
Proposal 1: For a simplicity, the BWP specific RB indexing is preferred. In terms of forming 6 REGs of RBG for CORESET resource allocation, RBGs are formed based on common PRB indexing. 

2.2. Handling of overlapping between CORESET and SSB
Depending on resource allocations of CORESET and SSB, there may be overlapped resources between CORESET and SSB. For example, the starting symbol of some synchronization signal/PBCH block (SSB) is 3rd OFDM symbol in a slot. This means a 3 OS CORESET can be overlapped with the SSB on 3rd symbol at some monitoring occasion. Figure 1 shows an example of overlapping between 3 OS CORESET and SSB. In SSB region, a usage of “Residual” resources is not yet defined, and it can be used for control channel transmission when a CORESET is overlapped with a SSB..
[image: ]
Figure 1. Overlap between CORESET and SSB
For the overlapped REGs with SSB, followings can be considered;
Option 1) REG or REG bundle level rate matching (or puncturing)
A UE can assume the control channel is rate-matched (or punctured) around overlapped REGs or REG bundles. This method is simple, but some decoding candidates’ coding gain is decreased and channel estimation performance is also impacted if REG level rate matching is used. In addition, when a UE needs to monitor SSB and control channel simultaneously, consideration on UE’s Rx beam is necessary. For example, in Figure 1, a UE use a Rx beam configuration “A” to decode a control channel on CORESET#1, while the UE use a Rx beam configuration “B” for RRM/RLM measurement on SSB#0. Unless both can be supported by the UE simultaneously, a UE should not be expected to monitor both at the same time. In this case, either a UE skips measurement which may degrade the measurement performance or skip control channel monitoring. 
Option 2) OFDM symbol level rate matching (or puncturing)
To solve the Rx beam mismatching, OFDM symbol level rate matching (or puncturing) can be considered. A UE can assume the overlapped symbol(s) is not used to transmit control channel. This method may be regarded as a CORESET duration reduction, and it means that CORESET duration is changed from X to Y where X is the number of configured symbols and Y is the number of non-overlapped symbols. It can also imply the change of REG bundle size if a CORESET duration is configured as a REG bundle size. The symbol level rate matching (or puncturing) can solve the Rx beam mismatching, but available resources for control channel transmission are decreased.
From a UE perspective, it is undesirable to be configured to monitor SSB and CORESET with potentially different Rx beams when the UE is not capable. Thus, REG or REG bundle level rate matching may be used when SSB and CORESET shares the same QCL whereas symbol level rate matching may be used otherwise.
Proposal 2: The symbol-level rate matching (or puncturing) is supported for the case of overlap between CORESET and SSB when QCL is not assumed between CORESET and SSB. 
It has been also discussed whether CORESET can be also rate matched around rate matching resource sets. So far, it has been agreed to perform rate matching only for PDSCH. Given there could be cell-specific rate matching resources, and also some reserved resources, it is considerable to allow rate matching of control channels on the rate matching resource sets (semi-statically configured). In terms of expected behaviour, some clarifications seem still necessary as follows. 
(1) RE level rate matching resources are not assumed for control channel. If we consider RE level, it becomes a bit complicated in terms of handling DM-RS mapping, etc. Overall, we do not see it’s beneficial to apply RE level rate matching for control channels. 
(2) Whether to rate match at REG level, REG bundle level or PDCCH candidate level. When CORESET overlaps with rate matching resource, different approaches of rate matching level can be considered. Given that REG level rate matching may lead performance loss in channel estimation, at least, it’s considerable to rate matching at REG bundle level. Alternatively, not to degrade overall candidate performance, a UE may skip monitoring of candidates which are overlapping with rate matching resources. At minimum, we consider REG bundle level rate matching is needed. 
(3) Wideband RS precoder assumption: due to rate matching resources, if CORESET has non-contiguous frequency chunk, whether to apply same precoder within only the contiguous frequency after rate matching needs some consideration as well. As channel estimation would be performed separately in discontinuous frequency regions after rate matching, it can be considered to apply the same precoder only within the contiguous frequency after rate matching. As rate matching resources can have different time/frequency, this may complicate the assumption of precoder when CORESET duration is larger than 1 OS. In that sense, we prefer a simple approach where precoder assumption is not changed by rate matching resources including SSBs. 
Proposal 3: At least REG bundle level rate matching is assumed when CORESET and rate matching resources overlap. 
Proposal 4: Precoder assumption in frequency domain is not affected by rate matching resources when wideband RS is configured. 

2.3. The number of blind decodes
Regarding the number of blind decodes, in LTE, 44 blind decodings per subframe is defined as the maximum BD capability assuming the processing budget for control channel blind decoding is 1 subframe. In defining UE capability for number of BDs, it is also important to clarify the processing budget for the number of BDs. For example, if the UE needs to support the same slot PUSCH transmission (a.k.a., self-contained scheduling), then the processing time budget for control channel decoding is much smaller than 1 slot. For example, if processing budget for control channel decoding is 1 symbol, a UE may support much lower number of BDs compared to processing budget of 1 slot. 
In this sense, we propose to define maximum number of BDs, we consider the followings are necessary. 
(1) The processing time may be predefined (e.g., K symbols to support self-contained scheduling). 
(2) The processing time can be different per numerology
(3) It is assumed that the total number of BDs that the UE supports in a slot would be the same as M or M * floor (14/K). 
For cell-common CORESETs, it is necessary to determine ‘minimum’ UE BD capability assuming slot based scheduling with a default processing time budget. We consider it could be sufficient to assume 1 slot as processing budget for common CORESET, and define minimum BD counts (e.g., 12) for cell-common CORESETs. Once the network knows UE’s capability, it can configure the number of candidates per each CORESET appropriately. 
 
3. Conclusion
In this contribution, considerations on CORESET and search space are discussed, and followings are proposed;
Proposal 1: For a simplicity, the BWP specific RB indexing is preferred. In terms of forming 6 REGs of RBG for CORESET resource allocation, RBGs are formed based on common PRB indexing.
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Proposal 3: At least REG bundle level rate matching is assumed when CORESET and rate matching resources overlap. 
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