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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
The search space design for NR PDCCH had been discussed in the previous RAN1 meetings, and in two offline email discussions initiated after that meeting. The agreements achieved are attached in the Appendix.
In the contribution, we discuss the remaining details related to NR PDCCH search space design as well as the blind decoding of UE. 
2. Discussion
2.1. Search space design
2.1.1. [bookmark: _Ref494555698]PDCCH monitoring occasion
During the email discussion on the details of PDCCH monitoring occasion, some arguments were raised on the support of monitoring window, which was already agreed for RMSI and OSI monitoring during initial access. In our opinion, the monitoring window is a duration where the UE try to detect a specific DCI scheduling a message. Such concept is nothing new. Already in LTE, there is a RAR window for UE to monitor the RAR message, and there is a SI window for UE to monitor system information other than SIB1. It can provide some scheduling flexibility to the network, and may beneficial to UE from power saving perspective in some cases. Therefore, it seems reasonable that at least the PDCCH monitoring window should be supported for RAR and OSI scheduling in NR [1]. For paging, it has been agreed that beam sweeping is supported in NR, which implies multiple paging occasion within a monitoring window may also be required for paging indication [2]. 
On the other hand, for UE-specific DCI the benefit of introducing monitoring window seems to be limited, and can be equivalently achieved by the proper combination of DRX window and PDCCH monitoring occasion. Therefore, it is proposed that,
[bookmark: _Ref492735299]Proposal 1: PDCCH monitoring window is supported only for RMSI, RAR, OSI and paging scheduling in NR. 
To determine the PDCCH monitoring occasions within a slot for scheduling grants, currently two RRC parameters was agreed as following:
· CORESET-start-symb, which configures the starting OFDM symbol for the CORESET within a slot (agreed in RAN1 NR adhoc #2)
· Monitoring-periodicity-PDCCH-within-slot, which configures the OFDM symbol(s) for monitoring occasions within a slot, using a 14bits bitmap (agreed in RAN1#90bis)
To our understanding, given the agreement of the 2nd parameter, UE is able to determine the PDCCH monitoring occasion within a slot in a flexible way, i.e. any symbol(s) within the 14symbols can be configured for PDCCH monitoring. At each configured monitoring occasion, the UE assumes there is a CORESET starting from that symbol and use the CORESET structure configured by other RRC parameters e.g. the CORESET BW and duration to decode PDCCH. Therefore it means that the parameter CORESET-start-symb is no longer needed and should be removed from the RRC parameters to avoid potential confusions. 
[bookmark: _Ref498770373]Proposal 2: The RRC parameter CORESET-start-symbol is no longer needed and should be removed. 
2.1.2. Aggregation level
Some evaluation [3] results show that the aggregation level of eight cannot meet the downlink control channel coverage requirement, at least in the case of macro deployment in the sub-6 GHz. This coverage issue may be more severe in the deployment above 6GHz. Furthermore, considering that URLLC service would require higher reliability on transmission, the support of higher aggregation level is deemed necessary. 
The concern of introducing aggregation level of 16 at this stage seems mainly on the additional UE blind decoding complexity and specification impact. The aggregation level of 16 was already supported in LTE EPDCCH, thus should not be the key concern. Introducing an additional aggregation level would inevitably increase the blind decoding complexity. Potentially there are several solutions to address this concern. For example, the support of aggregation level 16 is limited to some scenarios at this stage, such as only for common search space, for RMSI CORESET during initial access, etc. so that the increased blind decoding complexity can be limited. Moreover, such a solution is forward compatible, if aggregation level of 16 is finally supported for URLLC or mMTC UEs. Alternatively, similar to EPDCCH, a UE can be limited to perform blind decoding on at most four different aggregation level, either {1, 2, 4, 8} or {2, 4, 8, 16}. By this way, the total number of blind decoding can be reduced, although the number of channel estimation may need to be reduced. 
[bookmark: _Ref498728520]Proposal 3: The aggregation level of 16 is supported at least for common search space, for RMSI CORESET during initial access, etc. 
2.1.3. Common search space
During initial access, a CORESET for RMSI scheduling is obtained from PBCH [4], and the search space and blind decodes are agreed to be specified in the specification. It had been agreed that a CORESET for random access may be configured by RMSI, and if not configured, the CORESET of RMSI scheduling is shared for random access. It seems nature to apply this principle also to the CORESETs for OSI and paging scheduling. Once there is provision from RMSI for the CORESET of OSI, paging and random access, it should also contain the search space configuration. Otherwise, the CORESET of RMSI, as well as the search space configurations, are reused as well. 
[bookmark: _Ref498728521]Proposal 4: The configuration of CORESET including the search space and blind decodes for the OSI, paging and random access, can be provided by RMSI. If not configured, the configuration used for RMSI scheduling is applied.
It has been agreed that the search space of LTE EPDCCH is reused for NR PDCCH. However, it was designed for UE-specific search space, and need to be revised for common search space. For example, a pseudo-random starting position of PDCCH candidates (i.e. the ) based on the RNTI and time index would not be useful for common search space. Alternatively, the starting position based on the type of PDCCH (i.e. type-0/1/2/3 PDCCH) should be considered to maximize the resource utilization rate and to reduce the blocking rate. According to the network provision, the search spaces among different type of PDCCH or 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. 
[bookmark: _Ref494587993]Proposal 5: The search space parameters (i.e. the starting position of candidate in the search space) are explicit configured by network among different types of PDCCH common search space.
2.2. Blind decodes
2.2.1. Number of blind decodes
The number of blind decodes has great impact on the design and cost of UE hardware processing capability. It was proposed to adopt a same number of blind decodes per slot regardless of the numerology. This approach effectively results in a linearly increased number of PDCCH blind decodes within a unit time, e.g. per 1ms. For example, if the maximum number of blind decodes per slot is same as that of LTE and numerology agnostic. In the case of 15kHz SCS, at most 44 blind decodes are required per 1ms, while in the case of 120kHz, within the same time window (i.e. 1ms) the required number of blind decodes for the same UE become 8 X 44 = 352 blind decodes. Inevitably, such a design significantly increases the cost, the complexity and the power consumption of the UE. 
[bookmark: _Ref498728542]Proposal 6: The number of blind decodes should be numerology dependent.
The most straightforward solution for determining the number of blind decodes is to around up K/2n where K = 44 is the max number of blind decodes per slot when SCS = 15kHz. Considering the developing of integrated circuit, a slightly stricter processing timing requirement may be acceptable. The set of maximum number of PDCCH blind decodes per slot can be {44, 36, 22, 16} for {15, 30, 60, 120} kHz respectively.
[bookmark: _Ref498770379]Proposal 7: For UEs configured with PDCCH slot level PDCH monitoring, adopt {44, 36, 22, 16} as number of BDs per slot for {15, 30, 60, 120} kHz respectively.
UE can be configured with mini-slot level PDCCH monitoring, which can be a typical use case for 15kHz and 30kHz. In such case, the number of BD per slot can be increased as the search space presents more frequently than in the slot level monitoring case. As proposed offline, learning from the design of LTE sTTI, an up to [86] BDs per slot can be considered as a starting point for UEs configured with mini-slot level monitoring, while using mini-slot level PDCCH monitoring without increasing the number of BDs per slot is also under discussion. 
Observation: Mini-slot level PDCCH monitoring may be enabled with/without increasing number of BDs per slot. 
2.2.2. UE blind decoding capability for non-CA
Slot level PDCCH monitoring should be the mandatory operation that all NR UE should support, it means that the proposed number of BDs per slot {44, 36, 22, 16} for {15, 30, 60, 120} kHz should be supported by all the UEs.
In terms of blind decoding capability, there can be two options to enable the mini-slot level PDCCH monitoring as the following:
· Option 1: mini-slot level PDCCH monitoring without increasing number of BDs per slot
· Option 2: mini-slot level PDCCH monitoring with increasing number of BDs per slot
For the two options, option 1 can be supported without increasing the UE BD capability which means that mini-slot level PDCCH monitoring can be mandated as well. Option 2 required higher UE capability to support mini-slot level PDCCH monitoring thus shall be a separate UE capability. 
[bookmark: _Ref498770384][bookmark: _Ref498770422]Proposal 8: Specify the following for UE BD capability for non-CA:
· Slot level PDCCH monitoring is supported as mandatory for all NR UEs.
· Mini-slot level PDCCH monitoring without increasing BDs per slot is supported as mandatory for all NR UEs.
· Mini-slot level PDCCH monitoring with increasing BDs per slot (e.g. up to [86] BDs per slot) is supported as a UE capability.
2.2.3. UE blind decoding capability for CA
It has been agreed that the maximum number of PDCCH blind decodes per slot for a UE is defined by two ways:
· For CA with up to N CCs, the maximum number of PDCCH blind decodes is implicitly derived from the number of configured CCs.
· For CA with more than N CCs, the maximum number of PDCCH blind decodes is defined and reported by an explicit UE capability.
This is a trade-off among the scheduling flexibility, and UE implementation complexity and the signalling design consideration. 
The remaining issue is how to define the value of N. As it has been agreed that up to four bandwidth parts can be configured to one UE, N = 4 can be considered. If in the future release, multiple active bandwidth parts are supported, the blind decodes number can be shared with multiple active bandwidth parts, and a unified search space and blind decoding framework can be achieved. 
During the email discussion, it has been pointed out that the meaning of the number of N here is unclear whether is the number of DL CCs, UL CCs, the maximum number between them or the sum of them. In our understanding, the UL and DL DCIs would be padded to the same size, so that they can share the same search space and reducing the number of blind decodes. In the case of SUL is configured, so that the number of UL CCs is larger than the number of DL CCs, there is only one PUSCH scheduled at one time between normal and supplementary UL. As a result, the total number of blind decodes does not grow. Therefore, the value of N can simply be the number of DL CCs.
[bookmark: _Ref498728545]Proposal 9: For CA with more than N = 4 CCs, the maximum number of PDCCH blind decodes is defined and reported by an explicit UE capability. 
2.2.4. Configuration of PDCCH blind decoding
For RRC connected UEs, it has been agreed that the number of PDCCH BDs are explicitly configured per aggregation level and per DCI format. As discussed above, the network knows the number of BDs that UE supports from the UE capability reporting. Thus network can configures the PDCCH monitoring behaviour according to the UE BD capability and guarantee that the number of BD required does not exceed the UE capability. Further discussion is need whether and how to define the UE behaviour if the configured number of BDs exceeds the UE capability. 
[bookmark: _Ref498770388]Proposal 10: Network configures the PDCCH monitoring behavior. Whether and how to define the UE behaviour if the configured number of BDs exceeds the UE capability is FFS. 
[bookmark: _GoBack]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 11: The number of blind decoding of CORESET for initial access is predefined. 
3. Conclusion
In the contribution, we discuss on the remaining issues of blind decodes and search space design. Based on these discussions, we propose that,
Proposal 1: PDCCH monitoring window is supported only for RMSI, RAR, OSI and paging scheduling in NR.
Proposal 2: The RRC parameter CORESET-start-symbol is no longer needed and should be removed.
Proposal 3: The aggregation level of 16 is supported at least for common search space, for RMSI CORESET during initial access, etc.
Proposal 4: The configuration of CORESET including the search space and blind decodes for the OSI, paging and random access, can be provided by RMSI. If not configured, the configuration used for RMSI scheduling is applied.
Proposal 5: The search space parameters (i.e. the starting position of candidate in the search space) are explicit configured by network among different types of PDCCH common search space.
Proposal 6: The number of blind decodes should be numerology dependent.
Proposal 7: For UEs configured with PDCCH slot level PDCH monitoring, adopt {44, 36, 22, 16} as number of BDs per slot for {15, 30, 60, 120} kHz respectively.
Proposal 8: Specify the following for UE BD capability for non-CA:
· Slot level PDCCH monitoring is supported as mandatory for all NR UEs.
· Mini-slot level PDCCH monitoring without increasing BDs per slot is supported as mandatory for all NR UEs.
· Mini-slot level PDCCH monitoring with increasing BDs per slot (e.g. up to [86] BDs per slot) is supported as a UE capability.
Proposal 9: For CA with more than N = 4 CCs, the maximum number of PDCCH blind decodes is defined and reported by an explicit UE capability.
Proposal 10: Network configures the PDCCH monitoring behavior. Whether and how to define the UE behaviour if the configured number of BDs exceeds the UE capability is FFS.
Proposal 11: The number of blind decoding of CORESET for initial access is predefined.
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Appendix: Agreements of search space design 
The following agreements have been achieved in RAN1#90bis [5]:

	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
Agreements:
· For slot-based scheduling;
· Confirm the following working assumption with updates:
· The first DMRS position either on symbol #2 or symbol #3 is configured by PBCH
· Maximum time duration of a CORESET is 2 symbols if the first DMRS position of a PDSCH with slot-based scheduling is on symbol #2, and is 3 symbols otherwise.
· The starting OFDM symbol of a CORESET can be symbol #0, #1, or #2, in a slot.
· However, the ending OFDM symbol of a CORESET is not later than symbol #2 in a slot.
Agreements:
· In a given CORESET, two types of search spaces (e.g., UE-common search space and UE-specific search space) can have different periodicities for a UE to monitor
· FFS details of the corresponding search spaces
Agreements:
· Take the same hash function of LTE EPDCCH as the hash functuion for NR-PDCCH
· Further refinements can be further considered till next meeting if necessary
Agreements:
· One set of the following parameters determines a set of search spaces
· A set of aggregation levels
· The number of PDCCH candidates for each aggregation level
· PDCCH monitoring occasion for the set of search spaces
Agreements:
· At least for cases other than initial access, to identify a set of search spaces, following parameters are configured by UE-specific RRC signaling:
· The number of PDCCH candidates for each aggregation level of {1, 2, 4, 8, [16]}
· One value from {0, 1, 2, 3, 4, 5, 6, 8}
· PDCCH monitoring occasion for the set of search spaces
· One value of from {1-slot, 2-slot, [5-slot], [10-slot], [20-slot]} (at least 5 values)
· One or more value(s) from 1st symbol, 2nd symbol, …, 14th symbol within a monitored slot
· Each set of search spaces associates with a CORESET configuration by RRC signaling




During the email discussion [6], the following proposals are also agreed:

	Agreements
· PDCCH candidates having different DCI payload sizes count as separate blind decodes
· PDCCH candidates comprised by different sets of CCE(s) count as separate blind decodes.
· PDCCH candidates in different CORESETs count as separate blind decodes.
· PDCCH candidates having the same DCI payload size and comprised by the same set of CCE(s) in the same CORESET count as one blind decodes.

Agreements:
· For non-CA and for PDCCH monitoring periodicity of 14 or more symbols, the maximum number of PDCCH blind decodes per slot is:
· Working assumption: 44 for SCS = 15kHz.
· Working assumption: less than 44 at least for SCS = 60kHz and 120kHz.
· For the given SCS, all UEs support the maximum number of PDCCH blind decodes per slot.
· Companies are encouraged to complete the following table.
· Aiming to finalize this at RAN1#91.

	No. of PDCCH BDs per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	Periodicity of 14 or more symbols
	44
	[22-44]
	[11-44]
	[6-44]

	Periodicity of less than 14 symbols
	[44-86]
	[22-86]
	[11-44]
	[6-44]



Agreements:
· Companies are encouraged to provide the views on the following aspects:
· Whether to specify upper limit of channel estimations a UE can perform for PDCCH;
· If yes, how channel estimation is defined (e.g., per CCE or per REG bundle, whether common counting principle between narrowband RS and wideband RS), and;
· What is the exact value of the upper limit of channel estimation a UE can perform for PDCCH.

	No. of CCEs that the UE can perform channel estimation per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	Periodicity of 14 or more symbols
	[48-74]
	
	
	

	Periodicity of less than 14 symbols
	
	
	
	



Agreements:
· For CA with up to N CCs, maximum number of PDCCH blind decodes per slot for a UE depends on the number of configured CCs.
· All UEs supporting CA with the same set of CCs supports the same maximum number of PDCCH blind decodes.
· No explicit UE capability signaling to inform the maximum number of PDCCH blind decodes is reported.
· For CA with more than N CCs, maximum number of PDCCH blind decodes for a UE depends on the explicit UE capability.
· All UEs supporting CA with the same set of CCs supports at least the same number of PDCCH blind decodes.
· FFS: the value of N (no more than 8)

Agreements:
· For each SCS, whether or not separate UE capabilities for PDCCH monitoring periodicities are needed is concluded at RAN1#91.

	
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	Need of separate UE capabilities for (i) PDCCH monitoring of 14 or more symbols and (ii) PDCCH monitoring of less than 14 symbols
	Y/N
	Y/N
	Y/N
	Y/N






During the email discussion [7], the following proposals are also agreed:

	Proposal 1:
· For PDCCH monitoring occasion of 1-slot, 2-slot, [5-slot], [10-slot], and [20-slot],
· Slot-level offset value for PDCCH monitoring occasion is also supported.
· For N-slot monitoring occasion, the offset is one from [0, N-1].
· Note: symbol-level bit-map of monitoring occasion within a slot agreed at RAN1#90bis is still available.

Proposal 2:
· For the DMRS of NR-PDCCH in a CORESET,
· The QCL configuration/indication is on a per CORESET basis (Alt.1).

Proposal 3:
· The value(s) of TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, and/or TPC-SRS-RNTI, are provided by RRC signaling.
· The association between at least each of the following RNTIs and a DCI format is specified in the specification.
· C-RNTI, TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, TPC-SRS-RNTI, INT-RNTI, SFI-RNTI. FFS: other RNTI(s).
· The value of C-RNTI is obtained as part of random access procedure.
· The association between a DCI format and a type of search space (UE-common search space and UE-specific search space) is specified in the specification.
· UE-common search space contains a DCI format of C-RNTI, RNTI(s) for SPS/grant-free, TPC-PUSCH-RNTI, TPC-PUCCH,RNTI, TPC-SRS-RNTI, and INT-RNTI.
· UE-specific search space contains a DCI format of C-RNTI and RNTI(s) for SPS/grant-free.

Proposal 4:
· By PBCH, a UE obtains at least one CORESET configuration at least for PDCCH scheduling RMSI associated with a given SS block.
· The set of aggregation levels and candidates per aggregation level for PDCCH scheduling RMSI is specified in the specification.
· FFS the indication of the support of aggregation level 16 in the cell
· FFS: Set of search spaces for OSI, random access, and paging.
· By RMSI, the UE can be configured with at least one CORESET configuration at least for PDCCH for random access.
· If not configured by RMSI, the CORESET configuration(s) for random access is/are the one(s) configured by PBCH.
· FFS: whether the CORESET configuration can be configured outside of the initial active DL BWP.
· By UE-specific RRC signalling, the UE can be configured with one or more CORESET configuration(s) at least for PDCCH scheduling UE-specific data.
· Each CORESET configuration is associated with one or more sets of search spaces.
· Note: each set of search spaces is associated with one CORESET configuration.
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