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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
This contribution is a revision of R1-1715629.

The search space design for NR PDCCH has been discussed in the previous RAN1 meetings, and the following agreements have been achieved in RAN1#90 [1]:

	Agreements:
· Supported aggregation levels for NR-PDCCH are at least 1, 2, 4, 8
· FFS 16 and 32 aggregation levels and also other numbers

Agreements:
· A PDCCH search space at an aggregation level in a CORESET is defined by a set of PDCCH candidates
· For the search space at the highest aggregation level in the CORESET, the CCEs corresponding to a PDCCH candidate are derived as following
· The first CCE index of a PDCCH candidate is identified by using at least some of the followings
· (1) UE-ID, (2) candidate number, (3) total number of CCEs for the PDCCH candidate, (4) total number of CCEs in the CORESET, and (5) randomization factor
· The other CCE indexes of the PDCCH candidate are consecutive from the first CCE index
· Searching space design for the lower aggregation level can be discussed separately
Working assumptions:
· In the case when only CORESET(s) for slot-based scheduling is configured for UE, the maximum number of PDCCH blind decodes per slot per carrier is X
· The value of X does not exceed 44
· FFS the exact value of X
· FFS for multiple active BWP, multiple TRP, multiple carriers, multi beams
· FFS for non-slot based scheduling
· FFS numerology specific X



In the RAN1 NR Ad Hoc #2 meeting, the following agreement has been reached for NR PDCCH blind decoding [2], where some issues are still open:

	Agreements:
· For PDCCH blind decoding, at least for the non-initial access, at least the following can be configured:
· Number of PDCCH candidates per CCE aggregation level, per DCI format size that the UE monitors
· Set of aggregation levels
· FFS explicit or implicit configuration
· Set of DCI format sizes
· FFS explicit or implicit configuration
· FFS: per CORESET not used for initial access or search space
· FFS: Signalling details
· Note that the number of candidates can be zero
· UE blind decoding capability is known by NW
· FFS: How the capability is derived




In the contribution, we discuss the remaining issues related to NR PDCCH search space design, including following aspects: 
· Search space design
· Blind decoding configurations and capabilities
· Multi-beam PDCCH operation
2. Discussion
2.1. Search space design
2.1.1. Aggregation level
In the previous meeting, it has been agreed that at least the number of aggregation level 1, 2, 4 and 8 are supported for NR PDCCH, while other numbers are FFS. It is worth noting that in NR, the REG is defined as one PRB of one OFDM symbol, and six of them form a CCE. Consequently, the number of PRB of CORESET may not always be power of two (For example, for a one-symbol CORESET, the number of PRB is always 6*n; for a two-symbol CORESET with time-first mapping, the number of PRB is always ). Simply reuse the set of AL from LTE may not work well in NR, because the inconsistency between the number of PRB (3*n or 6*n) and aggregation level 2^n may result in resource fragments during allocation. 
Moreover, it does not help to reduce the blocking rate especially in the case of overlapping different CCE-REG mappings into the same CORESET. An example is illustrated in Figure 1, where the interleaving and non-interleaving mappings are overlapping in the same two-symbol CORESET.  An allocation of AL-4 candidate in the interleaving case (left side in Figure 1) results in 6 CCEs of the non-interleaving case (right side in Figure 1) being not available for assignment. In this case, a set of AL 1/3/6/9 works better to reduce the blocking rate.
[image: ]
[bookmark: _Ref490253124]Figure 1. The block issue for power of two aggregation levels

Thus, it is proposed that a factor of three (e.g. 1/3/6/9) should be supported for the number of aggregation level.
[bookmark: _Ref481592423]Proposal 1: The set of aggregation level with a factor of three should be supported for NR in order to reduce the blocking rate. 
2.1.2. [bookmark: _Ref494584657]Search space structure
The nested search space structure is proposed in [3], in favor of maximum reusing of channel estimation to enable faster processing. In [4] both the nested structure and the traditional random structure in LTE are analyzed. The concern on the nested structure is the potentially higher blocking rate than the random structure, as illustrated in Figure 2 and discussed in [5].
[image: ]
[bookmark: _Ref489919407]Figure 2. The block issue of nested search space structure
Observation 1: The nested search space structure can be considered as a baseline design, but further enhancements are necessary to tackle with the blocking issue.
In order to reduce the blocking rate, a starting offset for each aggregation level and a gap between each PDCCH candidate in a given aggregation level can be introduced in NR, which means the PDCCH candidates for an aggregation level may not always be consecutive as defined in LTE. As illustrated in Figure 3, a gap between PDCCH candidates is introduced for each aggregation level: a gap of 8 CCEs between the two AL-8 PDCCH candidates, 12 CCE gap for AL-4, 14 CCE gap for AL-2, and 15 CCE gap for AL-1. Note that here we assume the set of AL is {1, 2, 4, 8} for the sake of simplifying the discussion, as stated above other values should not be precluded. By this way, the candidates of lower aggregation levels can be distributed into the larger space but the channel estimation result can still be reused for the same UE. The details of how to determine these parameters is discussed in section 2.1.3. 
[image: ]
[bookmark: _Ref489919424]Figure 3. Introduction of Offset and Gap
Furthermore, due to the flexible resource assignment for CORESET, that the size of the whole space may not always be the integer time of each aggregation level, leaving some resource fragments, e.g. CCEs #24, #25, #26, #27 in Figure 3 for the search space of AL-8. Moreover, the aggregation of CCE may not flexible enough, e.g. in Figure 3 an AL-4 candidate cannot consist of CCEs #22, #23, #24, and #25. In order to further reduce the block rate, a shift indicating whether the search space starts from the “left” or “right” end of the whole space can be introduced to tackle this issue, as illustrated in Figure 4.
[image: ]
[bookmark: _Ref489919444]Figure 4. Shifting from “right” for the search spaces
Currently, it has only been agreed to support a starting offset for the PDCCH candidate in highest aggregation level [1]. Obviously, this is not enough to minimize the overlapping between search spaces of different UEs for the sake of reducing the blocking rate. As discussed above, the starting offset should also be applied to the PDCCH candidates in lower aggregation level. Moreover, some others parameters, e.g. the gap between consecutive PDCCH candidates, the shifting of search space position, etc. is important to distribute the PDCCH candidates to reduce the blocking rate.
[bookmark: _Ref490140728]Proposal 2: The design of search space structure should distribute the PDCCH candidates in the whole space as much as possible to reduce blocking, while still strives for reusing the channel estimation as far as possible. Following parameters can be considered to determine the PDCCH candidates at each aggregation level:
1) Starting offset of the first CCE index of PDCCH candidate at each aggregation level
2) For a given aggregation level, CCE gap between consecutive PDCCH candidates
3) Shifting of search space position within the CORESET
2.1.3. [bookmark: _Ref494555698]Parameter determination
The detailed parameters of the search space, i.e. the starting offset, the gap and the shifting, can be explicitly configured by network, or implicitly derived from some other factors, e.g. UE ID, number of PDCCH candidates, etc. according to the use cases. 
For (group) common search space, it is beneficial that these parameters are provided by network, so that the common PDCCH candidates are shared by all the UEs in the group. According to the network provision, the search spaces among different groups of UEs sharing the same CORESET can be isolated, so that the PDCCH assignment for one group would never be blocked by another. However, it is also possible for the network to configure these search spaces to be partially or full overlapped, in order to increase the resource utilization of the CORESET with the cost of potentially higher block rate of PDCCH assignment. 
One special case is the initial common search space in the CORESET provided by MIB, where the flexibility is limited due to the compact payload. In the case, the starting offset, the gap, etc., can be predefined by specification. 
[bookmark: _Ref494587993]Proposal 3: The search space parameters (i.e. the starting offset, the gap and the shifting direction) are explicit configured by network for group common search space, and predefined for initial common search space.

On the other hand, introducing dedicated parameters configured by the network to each UE for its UE-specific search space may result in a large amount of overhead. A mechanism to implicitly derive these parameters from some existing factors of each UE may be more appropriate. In LTE, the search space of PDCCH is determined by, where the starting offset of the UE-specific search space is derived from a pseudorandom number, i.e., which is hashed from the UE RNTI and the slot index within the radio frame. This mechanism can be considered as a starting point for determining the parameters (i.e. the starting offset, the gap and the shifting direction) for the search space with some further enhancements. 
Firstly, the derivation of the pseudorandom number (i.e.) takes into account the time info (i.e. slot index), which is beneficial for interleaved mapping to reap for diversity gain. Nevertheless, for exploiting frequency selective gain in non-interleaved mapping, the randomization in time may actually be harmful. Whether the time info should be used for search space determination may be configurable by network, or implicitly linked to the mapping mode of the CORESET. 
Secondly, according to the function the PDCCH candidates are consecutive in the search space. As discussed in section 2.1.2, the gap between candidates is needed to reduce the blocking rate. It can be considered to configure the gap for each aggregation level, and then the actual CCE index for each BD candidate is derived by a hashing function similar to the derivation of . 
Finally, in order to support the nested structure, the search spaces other than the highest aggregation level should be based on the set of CCEs corresponding to the PDCCH candidates of the highest aggregation level. These CCEs can be grouped as virtual CCEs, and the search spaces other than the highest aggregation level are constructed on top of them. In case small number of blind decodes is configured for the highest aggregation level, e.g. only one candidate is configured for AL-8, it should be allowed that the CCE indexes for smaller aggregation levels span beyond the set of CCEs configured for highest aggregation level. 
[bookmark: _Ref494630679][bookmark: _Ref494588000]Proposal 4: 
· For a given aggregation level, among the CCE indexes determined by the configured parameters (starting offset, gap, shifting), hashing function is used to determine the actual CCE index for each BD candidate.
· It should be allowed that CCE indexes for smaller aggregation levels spans beyond the set of CCEs configured for the highest aggregation level.
2.2. Blind decoding configuration
It has been agreed that the number of PDCCH candidates can be configurable to UE at least for non-initial access case. Although the detailed signaling of the configuration has not yet defined, it seems that an explicit RRC signaling is a suitable choice for this configuration. The RRC signaling is reliable enough for carrying such an important configuration. Moreover, the blind decoding configuration is in nature part of the search space configuration, which is in turn associated to a CORESET that is also configured by RRC signaling. 
A search space in NR is associated with a single CORESET according to the agreement [1]. Once K CORESET configured, the total blind decoding attempts should be divided among the subsets. Such division should not be fixed in spec as in LTE EPDCCCH. Compared with EPDCCH where at most two sets may exist, in NR a more flexible number of CORESET may be configured simultaneously. Another solution may be to introduce some predefined rules or tables, and the number of blind decoding attempts per AL is then automatically derived is a single number of total blind decoding of a CORESET is configured for a UE. Although this solution is somewhat attractive on saving the signaling overhead, it can hardly support the widely divergent deployments of NR. A more flexible solution is by higher layer signaling configuring the number of blind decoding attempts per each aggregation level and per each DCI format size for each CORESET. In this way, the network is able to arrange the blind decoding according to different scenarios. It also minimizes the standardization efforts on designing excessive rules on splitting the search space among sets considering various scenarios. Moreover, it is forward compatible to future enhancement. The signaling overhead of RRC seems not to be a main concern, especially considering that the reconfiguration would probably not be frequently.
[bookmark: _Ref489919282]Proposal 5: Configuring the number of blind decoding attempts per each aggregation level and per each DCI format size for UE-specific configured CORESET by higher layer signaling is supported in NR. 
On the other hand, for initial access case, at least for RMSI and paging monitoring, it seems the configurability is not necessary and even not desirable. Such a configurability inevitably requires additional bits (can be 4 ~ 20 bits depending on the number of AL) in PBCH payload being consumed, which would unfavorably restrict the PBCH coverage. Even without such a configurability, it would not harm the scheduling flexibility. Given that UE only monitors the common search space during initial access, it is possible to define only one flexible yet efficient blind decoding table for CSS during initial access. Although it may require some time to define this blind decoding table, it would never block the work of other WGs as it only affects the RAN1 specs. Once the RRC connection was established, the CSS and USS would anyway be reconfigured.
[bookmark: _Ref485165211]Proposal 6: The number of blind decoding of CORESET for initial access is predefined. 
2.3. UE capability of PDCCH blind decoding
It has been agreed that the UE blind decoding capability should be informed to network for the sake of arranging the blind decoding attempts, while the detail signaling design remains FFS. Network may be aware of the blind decoding of UE by implicitly deriving from one or more of other UE capability parameters, such as CA, mini-slot, etc. Such a solution may seem to be reasonable at first glance, considering that the number of blind decoding highly relies on the processing capability, which in turn depends on the supported features. However, hardcoding the associations among several possibly independent features is not future-proof. Moreover, such an association may imply some restriction on the UE implementation. For example, if the blind decoding capability is implicitly linked to the CA parameters, it may impose the blind decoding capability to be linearly dependent to the number of supported carriers, which is not desirable from the UE implementation perspective. Last by not least, such a solution may unfavorably forbid the network to fully utilize the blind decoding of UE in some scenarios. For example, if a UE capable of mini-slot assignment accesses to a network that mini-slot is not used, although the UE has higher processing capability, the blind decoding capability cannot be fully utilized to enable better performance, e.g. increase scheduling opportunities and reduced blocking. Therefore, a separate UE capability for PDCCH blind decoding is preferred. 
[bookmark: _Ref481598964]Proposal 7: In NR, UE reports to network its capability of PDCCH blind decoding via a separate PDCCH blind decoding capability. 
If a separate UE capability for PDCCH blind decoding is introduced, the detailed definition of blind decoding capability is required. This capability obviously depends on the numerology of the search space. Further, both slot-based scheduling and symbol-based scheduling are supported in NR, which may require different processing capabilities. The blind searching for the former one may be allowed for several OFDM symbol, while that for the later one need to be finished within one symbol. Note that it is not a simple linear relationship between them. For example, a UE can perform 10 blind decoding attempts for one-symbol CORESET does not mean that it can perform 20 attempts for a two-symbol CORESET, if the two-symbol CORESET configured with time-first mapping. On the other hand, a UE support 20 attempts for a two-symbol CORESET for slot-based scheduling may not mean it is capable for 10 attempts for one-symbol CORESET for mini-slot scheduling, because the processing time between the control and the data in the laser case should be significantly shorter. Furthermore, a UE is capable of 10 blind decoding attempts within a one-symbol CORESET does not necessary mean that UE is capable of 140 blind decoding attempts within a slot having 14 OFDM symbols.  
Thus, it is proposed that the UE blind decoding capability is defined as the maximum number of blind decodes that UE can support in a given time duration, e.g. a slot or an OFDM symbol. In addition, UE may need to report the blind decoding capability for both a slot and an OFDM symbol granularity since they may not have linear relation thus cannot be derived from one to the other. Network should take into account different processing latency requirements during blind decoding configuration, ensures that the configuration does not exceed the UE maximum processing capability.
[bookmark: _Ref489919292]Proposal 8: The PDCCH blind decoding capability is defined as the maximum number of blind decodes that a UE can support within a time duration, where the time duration can be a slot or an OFDM symbol.
It has been agreed that the maximum number of PDCCH blind decodes for slot-based scheduling should be X per slot per carrier, with X less than 44. The details of how to determine X should be discussed further. In the case of multi-TRP or multi-beam PDCCH monitoring case, the X values should not be exceeded, i.e. the UE blind decoding attempts are split into the multi-TRP or multi-beam PDCCH operations possibility with multiple CORESETs. 
It should be further discussed whether the X value is numerology agnostic. If common X value is to be used across different numerologies, effectively UE has to perform linearly larger number of PDCCH blind decodes per 1ms. For example, assuming UE is capable of maximum X=44 blind decodes per slot, then in case of 15kHz SCS the UE performs X=44 blind decodes per 1ms, while in case of 120kHz, UE should perform 8X=352 blind decodes per 1ms. Such a design will unfavorably increase the power consumption and yielding overheating issue for UE operating with high SCS. Therefore, it is proposed that the maximum value X is numerology specific. 
[bookmark: _Ref492735285]Proposal 9: The same maximum X values is defined irrespective of single TRP/beam or multiple TRP/beam PDCCH monitoring. 
[bookmark: _Ref492735299]Proposal 10: The maximum X value, i.e. number of PDCCH blind decodes per slot should be numerology dependent. 
As discussed previously, in case of mini-slot based scheduling, i.e. when the UE is configured with a mini-slot level PDCCH monitoring periodicity, the maximum number of supported PDCCH blind decoding per mini-slot should be defined. In this case, two maximum number of PDCCH blind decoding should be defined for mini-slot and slot respectively. For example, the maximum number of PDCCH blind decoding per mini-slot is Y, while the maximum number of PDCCH blind decoding per slot is X1. For A UE capable of mini-slot operation the X1 can be same or larger than the X value which is the maximum number of PDCCH blind decode per slot for the UE not capable of mini-slot operation. 
[bookmark: _Ref492735306]Proposal 11: For a UE capable of mini-slot based operation, maximum number of PDCCH blind decoding attempts should be defined per mini-slot and per slot, respectively, i.e.
·  The maximum number of PDCCH blind decoding attempts per mini-slot is Y.
· The maximum number of PDCCH blind decoding attempts per slot is X1.
· X1 can be same or larger than X. 
2.4. Multi-beam PDCCH operation
A UE can be configured with one or multiple CORESETs for monitoring PDCCH. In order to support robustness against beam pair link (BPL) blocking on NR-PDCCH transmission, a UE can be configured to monitor NR PDCCH on different BPLs simultaneously. There are several different operations for multi-beam PDCCH transmission [6]:
Operation 1: PDCCH is transmitted to UE from the best beam among the configured beams at one time.
Operation 2: PDCCH transmission is repeated among the configured beam (beam sweeping).
Operation 3: PDCCH is transmitted to UE from multiple configured beams simultaneously.
Operation 1 is suitable for the case that the beam pair link has been constructed between the UE and the network, according to the feedback the network can be aware of the best beam to the UE. Compared with other operations, such an operation can provide the best channel performance, enable higher modulation schemes, and therefore also increase the spectral efficiency. By transmitting and receiving on a narrow beam pair link, better cell coverage can also be achieved. In this case, the BPL can be simply associated to a CORESET, especially suitable for analog beam deployment. Of course, if the associate BPL was blocked, the PDCCH transmission would be lost and a recovery procedure should be performed consequently. 
[bookmark: _Hlk490181027]Operation 2, by repeating the PDCCH in multiple beams, can increase the reception opportunities of the PDCCH for UEs and avoid the transmission lost due to the BPL failure, however, at the cost of highest overhead among these operations. Such repetition can be performed on a per-CORESET level, where each on associated to a beam, or per aggregation level or per PDCCH candidate, where the candidates in the same CORESET may associate to different beams. The latter one, although in favor of the slightly lower overhead, may only be utilized in the digital beam deployment.
Operation 3, on the other hand, can be used for achieving spatial diversity gain for a PDCCH. Precoding cycling can be performed within the PDCCH, e.g. on REG bundles, in the case that the receiving UE can properly receive transmissions from multiple BPLs simultaneously. In this case, the BPL should be associated to a REG bundle or a CCE. The problem is that, if one of the used beam pair links is blocked, it may fail to recover the whole PDCCH. This issue need to be further studied. Moreover, such operation may impose stringent synchronization requirement and scheduling restriction especially in the multi-TRP deployment, in order to support the coordination of transmissions in REG level from multiple TRPs.
These operations can be applied in different scenarios. For example, operation 1 is suitable for connected mode UE in a stable environment, while operation 2 can be applied to fallback operation, or idle and inactive mode where BPL has not been established. Operation 3 may be used in the area where multiple beam coverages overlap with each other serving the fast moving UEs, but there is still some detailed issues for further study.
[bookmark: _Ref490235742]Observation 2: Different operations for multi-beam PDCCH transmission can be applied in different scenarios. 
According the discussion, the QCL assumption at least for operation 1 and 2 can be associated to CORESET level. Other association (i.e. per CCE/REG bundle for operation 3) needs further study.
[bookmark: _Ref481592417]Proposal 12: QCL associated to one CORESET is supported.
The network may deploy multiple beam, each covering a spatial area, to cover the whole cell area, especially in the high frequency band. The common PDCCH to be used for scheduling of RMSI need to be carried in each beam to ensure the idle and inactive UEs can properly receive this common PDCCH no matter where they camp in the cell. In the case the above-mentioned operation 2 is a suitable choice, such that multiple CORESETs are configured and each of them delivers the common PDCCH for a spatial area.
The UE can simply blind search the common search space of the CORESET, configured by MIB, by applying different QCL assumption. Such a scheme is unfavorable due to the high implementation complexity and power consumption. Instead, the UE should be able to derive explicitly or implicitly, the QCL assumption for a specific CORESET, or PDCCH candidate. Such derivation can be done perfectly from the beam pair link information obtained during the SS block blind decoding. More specifically, the UE may assume that the CORESET is QCL’ed with the decoded SS block, so that the Rx beam according to the SS block can be reused for the PDCCH reception in the CORESET.
This approach may also apply to the DCI scheduling paging message, since the idle and inactive mode UEs should be able to receive the DCI scheduling without the knowledge of beam pair link. Paging occasion can consist of multiple time slots, where each of them a paging indication is sent using a distinct beam. A UE monitor a specific slot based with specific QCL assumption both derived from the information obtained during the SS block blind decoding. More details on paging design considering multi-beam operation can be found in [7].
Common PDCCH scheduling OSI (other system information) or RAR may be triggered by random access procedure, therefore, it can be expected that some preliminary of the beam pair link information has been obtained by the network. Thus, the network can select the suitable beam for the common PDCCH transmission. 
[bookmark: _Ref490235752]Observation 3: The QCL assumption for common search space at least for initial access can be derived from SS block.
[bookmark: _Ref492733378]Proposal 13: During initial access, an idle or inactive mode UE monitors the PDCCH in the CORESET configured by the MIB in the decoded SS block, with the QCL assumption also derived from that decoded SS block. 
A connected mode UE can establish one or more beam pair link with network via beam management procedure. The network can simply configure the QCL for each CORESET that UEs would monitor UE specific or group common search space, and transmits the PDCCH from the selected beam pair link. In this case, the beam pair link should be explicitly associated with CSI-RS or SS block in light of the configuration from the network. The network may further duplicate the transmissions on different beams especially for group common PDCCH, in order to improve the robustness or to tackle with beam blockage. However, such a mechanism would inevitably increase the implementation complexity and power consumption of UE. Therefore, a UE can be configured with a monitor period for each beam pair link so that it is not necessary to monitor multiple beam pair links all the time.
[bookmark: _Ref492733385]Proposal 14: For the connected mode UE, each CORESET can be configured by network to be QCL’ed with either CSI-RS or SS block. 
3. Conclusion
In the contribution, we discuss on the remaining issues of CORESET configuration, search space design, the PDCCH blind decoding, as well as the Multi-beam operation for PDCCH. Based on these discussions, we propose that,
Proposal 1: The set of aggregation level with a factor of three should be supported for NR in order to reduce the blocking rate.
Proposal 2: The design of search space structure should distribute the PDCCH candidates in the whole space as much as possible to reduce blocking, while still strives for reusing the channel estimation as far as possible. Following parameters can be considered to determine the PDCCH candidates at each aggregation level:
1) Starting offset of the first CCE index of PDCCH candidate at each aggregation level
2) For a given aggregation level, CCE gap between consecutive PDCCH candidates
3) Shifting of search space position within the CORESET
Proposal 3: The search space parameters (i.e. the starting offset, the gap and the shifting direction) are explicit configured by network for group common search space, and predefined for initial common search space.
Proposal 4: 
· For a given aggregation level, among the CCE indexes determined by the configured parameters (starting offset, gap, shifting), hashing function is used to determine the actual CCE index for each BD candidate.
· It should be allowed that CCE indexes for smaller aggregation levels spans beyond the set of CCEs configured for the highest aggregation level.
Proposal 5: Configuring the number of blind decoding attempts per each aggregation level and per each DCI format size for UE-specific configured CORESET by higher layer signaling is supported in NR.
Proposal 6: The number of blind decoding of CORESET for initial access is predefined.
Proposal 7: In NR, UE reports to network its capability of PDCCH blind decoding via a separate PDCCH blind decoding capability.
Proposal 8: The PDCCH blind decoding capability is defined as the maximum number of blind decodes that a UE can support within a time duration, where the time duration can be a slot or an OFDM symbol.
Proposal 9: The same maximum X values is defined irrespective of single TRP/beam or multiple TRP/beam PDCCH monitoring.
[bookmark: _GoBack]Proposal 10: The maximum X value, i.e. number of PDCCH blind decodes per slot should be numerology dependent.
Proposal 11: For a UE capable of mini-slot based operation, maximum number of PDCCH blind decoding attempts should be defined per mini-slot and per slot, respectively, i.e.
·  The maximum number of PDCCH blind decoding attempts per mini-slot is Y.
· The maximum number of PDCCH blind decoding attempts per slot is X1.
· X1 can be same or larger than X.
Proposal 12: QCL associated to one CORESET is supported.
Proposal 13: During initial access, an idle or inactive mode UE monitors the PDCCH in the CORESET configured by the MIB in the decoded SS block, with the QCL assumption also derived from that decoded SS block.
Proposal 14: For the connected mode UE, each CORESET can be configured by network to be QCL’ed with either CSI-RS or SS block. 
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