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1	Introduction
In this contribution, we discuss the remaining issues of search space needed to stabilize the basic and essential NR functionalities within the scope of the drop approved during RAN#78.
[bookmark: _Ref178064866]2	Discussion
2.1	Whether or not to monitor TC-RNTI in USS
In RAN1 ad hoc meeting in Vancouver, the following agreement was made, indicating TC-RNTI is monitored in USS if a certain condition is met. However, it has not been discussed what the condition is.
Agreements:
· For each search space configuration configured by UE-specific RRC signaling, the UE is informed whether the search space configuration is CSS or USS, together with the following information, as part of the search space configuration:
· Which DCI format(s) to monitor
· For a CSS,
· …
· For USS,
· A UE monitors the DCI format with CRC scrambled by C-RNTI, CS-RNTI (if configured), TC-RNTI (if a certain condition is met), and SP-CSI-RNTI (if configured)
· Further discussion offline the association of the RNTIs with DCI formats 
· Monitoring of multiple DCI formats can be configured for one USS


In LTE, due to the concern that CSS may be congested, TC-RNTI is also monitored in USS for Msg4 transmission. (Note that TC-RNTI is monitored in CSS for Msg3 transmission.) Monitoring TC-RNTI in USS is possible in LTE since USS in LTE can be derived from system information without RRC configuration. In NR, the motivation of monitoring TC-RNTI in USS is not clear or it is not even feasible as analysed below.
· For CFRA, there is no MSG3/4 transmissions, thus TC-RNTI is not used.
· For CBRA
· For initial access, UE does not have USS since NR USS is RRC configured (while LTE USS can be derived w/o RRC). Monitoring TC-RNTI in USS is not possible.
· For PDCCH ordered RA, C-RNTI is monitored for MSG4, and thus TC-RNTI is not used.
Therefore, we propose that  

[bookmark: _Toc513798492]In NR, TC-RNTI is not monitored in USS.
2.2	Association of the RNTIs with DCI formats in USS
In the agreement quoted in Section 2.1, it states that “Further discussion offline the association of the RNTIs with DCI formats.” This part is also unclear in 38.331 RRC specification. We propose that in USS the association of the RNTIs with DCI formats should be as follows.
· For C-RNTI, DCI formats to monitor should include DCI 0_0/1_0, DCI 0_1, and DCI 1_1.
· For TC-RNTI, it is not monitored in USS as proposed in the previous section.
· For CS-RNTI, DCI formats to monitor should include DCI 0_0/1_0, DCI 0_1, and DCI 1_1.
· For SP-CSI-RNTI, DCI formats to monitor should include DCI 0_1

[bookmark: _Toc513798493]In in USS, the association of the RNTIs with DCI formats are as follows.
· [bookmark: _Toc513798494]For C-RNTI, DCI formats to monitor should include DCI 0_0/1_0, DCI 0_1, and DCI 1_1.
· [bookmark: _Toc513798495]For TC-RNTI, it is not monitored in USS.
· [bookmark: _Toc513798496]For CS-RNTI, DCI formats to monitor should include DCI 0_0/1_0, DCI 0_1, and DCI 1_1.
· [bookmark: _Toc513798497]For SP-CSI-RNTI, DCI formats to monitor should include DCI 0_1
2.3	Mapping of PDCCH candidates in Case 2
In RAN1#92bis, the following work assumption was made. It represented a major discussion effort in RAN1#92bis. The mapping rule for Case 2 is FFS.
Working assumption:
· At least for Case 1-1 and Case 1-2, map all candidates of USS  search-space-set with lower SS set ID before candidates of USS with higher ID 
· If all candidates in a SS set can’t be mapped, any candidates in the SS set and in any subsequent SS sets are dropped (not mapped)
· Case 2 FFS 

Similar to Case 1-x, we can map all candidates of USS search-space-set with lower SS set ID before candidates of USS with higher ID. If all candidates in a SS set cannot be mapped, we need to discuss how to treat the multiple monitoring occasions that exist in a slot in Case 2 (unlike in Case 1-x where there is at most one monitoring occasion in a slot). The following are 3 alternatives listed in the order of implementation complexity and performance.
· Alternative 1: If all candidates in a SS set can’t be mapped, any candidates in the SS set and in any subsequent SS sets are dropped (not mapped)
· Alternative 2: If all candidates in a SS set can’t be mapped, map all candidates of the USS associated with earlier monitoring occasion before candidates of the USS associated with later monitoring occasion in a slot
· If all candidates in a monitoring occasion in the SS set can’t be mapped, any candidates in the monitoring occasion of the SS set, in the later monitoring occasion(s) of the SS set, and in any subsequent SS sets are dropped (not mapped)
· Alternative 3: If all candidates in a SS set can’t be mapped, proportionally map the candidates of the USS over monitoring occasions in a slot to meet BD and CCE limit
· If all candidates in a SS set can’t be mapped, any candidates in any subsequent SS sets are dropped (not mapped)

From a technical point of view, Alternative 3 is preferred. Alternative 1 is a too relaxed design, while Alternative 2 improves the performance compared to Alternative 1. However, Alternative 2 has some disadvantages compared to Alternative 3. An example of when alternative 2 could be problematic is if we have a URLLC-ish configuration with one USS with 7 monitoring occasions per slot. The search space set is configured with the maximum possible number of BD’s = 44/7 ~= 6 per monitoring occasion. In addition, there are CSS’s that have to be monitored in some slots. When this happens e.g. 6 BD’s will be reserved for CSS. The remaining 38 will then be used for the USS. For the last monitoring occasion in the slot there will not be enough BDs, so it will be dropped. In effect, the guaranteed latency is increased by 2 OS’s. To avoid this the USS must be configured with 5 BD per monitoring occasion instead of 6. Thus, most of the time the BD budget will be under-utilized, and blocking will be increased.  
It is understood that there might be difficulties in UE implementation for Alternative 3. Considering RAN1#93 is the last meeting in Release 15, we could accept Alternative 2 in Release 15 as a compromise. 
[bookmark: _Toc513798498]For Case 2, map all candidates of USS search-space-set with lower SS set ID before candidates of USS with higher ID
[bookmark: _Toc513798499]For Case 2, if all candidates in a SS set can’t be mapped, map all candidates of the USS associated with earlier monitoring occasion before candidates of the USS associated with later monitoring occasion in a slot
· [bookmark: _Toc513798500]If all candidates in a monitoring occasion in the SS set can’t be mapped, any candidates in the monitoring occasion of the SS set, in the later monitoring occasion(s) of the SS set, and in any subsequent SS sets are dropped (not mapped)
2.4	CORESET/SS for beam failure recovery
Monitoring of DL control channel is described in section 10 of [1]. The UE is configured to monitor a set of PDCCH candidates, defined in terms of PDCCH search space sets. Each PDCCH search space is described by a set of parameters. One of the parameters describing the search space is the control resource set (CORESET). The framework for control channel monitoring provides large flexibility in configuring and defining search spaces, to avoid control channel limitations that are known to exist in LTE.
In NR, a maximum of 3 CORESETs can be defined per BWP per cell across all search spaces. Also, the minimum UE capability is CORESET #0 and one additional UE-specific CORESET. Clearly, the number of CORESETs is a very limited resource. The flexibility of the control channel configurations is to a large extent limited by the number of CORESETs. Hence, it is vital not to introduce limitation in control channel definitions or forbid certain parameter settings. 
Multiple CORESETs are also complicated for the UE: in particular, each CORESET may have a different pdcch-DMRS-ScramblingId, i.e., the UE will have to perform separate PDCCH channel estimation for different CORESETs. 
Both these facts point to that it is crucial to be able to use the CORESETs as efficiently as possible. However, the latest endorsed version of 38.213 [2], two such limitations have been introduced:
Excerpt from [2], section 6:
A UE is provided with a control resource set by higher layer parameter recoveryControlResourceSetId and with an associated search space set provided by higher layer parameter recoverySearchSpaceId, as described in Subclause 10.1, for monitoring PDCCH in the control resource set. The UE does not expect to be provided another search space set for monitoring PDCCH in the control resource set provided by recoveryControlResourceSetId.

The last sentence in the excerpt states that the recoveryControlResourceSetId cannot be used in another search space definition. This limitation was originally introduced to make it possible for the UE to identify a search space for the beam recovery request response from a configured CORESET. Now, this restriction is unnecessary, since the RRC specification includes the search space of the response as an explicit parameter. The only thing that the text in the excerpt does is to introduce a restriction in the control channel configuration, which is now completely unnecessary. Hence, we propose
[bookmark: _Toc513460066][bookmark: _Toc513798501]Remove the sentence “The UE does not expect to be provided another search space set for monitoring PDCCH in the control resource set provided by recoveryControlResourceSetId.” from 38.213.
Furthermore, the last sentence in section 6 of [2] states
Unless the UE transmitted PRACH in response to Beam-failure-recovery-request-RACH-Resource, the UE is not expected to monitor PDCCH candidates in the control resource set provided by recoveryControlResourceSetId after the UE receives a higher layer parameter ControlResourceSet or after the UE receives a MAC CE activation for a TCI state.

This sentence implies that the UE will not monitor search spaces associated with recoveryControlResourceSetId, even if the NW configured the UE to do so. Hence, the specification of beam recovery leads to restrictions in how the NW configures control channels. In general, restricting network operation and configuration is avoided in the specification. In this particular case, the restriction is also on a very scarce resource. Hence, we propose
[bookmark: _Toc513460067][bookmark: _Toc513798502]Remove the sentence “Unless the UE transmitted PRACH in response to Beam-failure-recovery-request-RACH-Resource, the UE is not expected to monitor PDCCH candidates in the control resource set provided by recoveryControlResourceSetId after the UE receives a higher layer parameter ControlResourceSet or after the UE receives a MAC CE activation for a TCI state.” from 38.213.
2.5	Clarification of Case 1-1, Case 1-2 and Case 2 definitions
The notion of Case 1-1, Case 1-2 and Case 2 has been used in the context of defining BD and CCE limits for UE. They were defined as follows at RAN1#91:
· Case 1: PDCCH monitoring periodicity of 14 or more symbols
· Case 1-1: PDCCH monitoring on up to three OFDM symbols at the beginning of a slot
· Case 1-2: PDCCH monitoring on any span of up to 3 consecutive OFDM symbols of a slot
· For a given UE, all search space configurations are within the same span of 3 consecutive OFDM symbols in the slot
· Case 2: PDCCH monitoring periodicity of less than 14 symbols
· Note: this includes the PDCCH monitoring of up to three OFDM symbols at the beginning of a slot

These definitions are ambiguous since Case 2 is defined as “PDCCH monitoring periodicity of less than 14 symbols”. But since the PDCCH monitoring periodicity in 38.213 is defined per SS set and given in number of slots, by definition it cannot be less than 14 symbols. It should be clarified that it is the combined “monitoring periodicity” of all SS sets that are monitored in a given slot that is referred to. E.g., that the PDCCH monitoring pattern of one SS defines more than one monitoring occasion within a slot, or that two or more SS sets have monitoring occasions at different (spans of consecutive) OFDM symbols in the slot.

[bookmark: _Toc513798503]Clarify the definition of Case 1 and Case 2.

· [bookmark: _Hlk513631751]Case 1: PDCCH monitoring of all SS sets that are monitored in a slot occurs at most at one span of up to 3 consecutive OFDM symbolsperiodicity of 14 or more symbols
· Case 1-1: PDCCH monitoring on up to three OFDM symbols at the beginning of a slot
· Case 1-2: PDCCH monitoring on any span of up to 3 consecutive OFDM symbols of a slot
· For a given UE, all search space configurations are within the same span of 3 consecutive OFDM symbols in the slot
· Case 2: PDCCH monitoring of all SS sets that are monitored in a slot occurs at more than one span of up to 3 consecutive OFDM symbolsperiodicity of less than 14 symbols
· Note: this includes the PDCCH monitoring of up to three OFDM symbols at the beginning of a slot
2.6	CCE and BD limits for Rel-15 June 2018 version of Case 2
2.6.1	Current status
The issue of limiting the UE channel decoding complexity by specifying upper limits on the number of PDCCH blind decodes (BDs) per slot a UE is required to perform have been extensively discussed. At RAN1 #91 and RAN1 #92, the BD limits for case 1 and case 2, respectively, were agreed. These are summarized in the table below:
	Max no. of PDCCH BDs per slot
	Sub-carrier spacing

	
	15kHz
	30kHz
	60kHz
	120kHz

	Case 1 and Case 2
	44
	36
	22
	20



Similarly, the issue of limiting the UE channel estimation complexity by specifying upper limits on the number of CCEs that the UE is required to monitor per slot per cell has been discussed. At RAN1#92 CCE limits were agreed for a PDCCH monitoring periodicity of 1 slot or more (i.e., Case 1). At RAN1#92bis, is was agreed that for the December 2017 version of Rel-15, these limits apply for monitoring periodicities of less than one slot (Case 2) as well. The CCE limits are tabulated below:

	Max no. of PDCCH CCEs per slot
	Sub-carrier spacing

	
	15kHz
	30kHz
	60kHz
	120kHz

	Case 1 and Case 2 (Dec 2017 version of Rel-15)
	56
	56
	48
	32



For the June 2018 version of Rel-15, the CCE limits for Case 2 still need to be defined. While for BD there was no explicit agreement on differentiation between the December 2017 version and the June 2018 version, it makes sense to discuss these BD and CCE limits for Case 2 in the June 2018 version together, considering the natural relation between them, as well as the introduction of other NR features such as URLLC and NR-U that will increase the need both for additional BDs and CCEs.
2.6.2	Requirements for sTTI and URLLC for LTE
For LTE, short TTI has been specified recently. Short TTIs of either one slot (corresponding to two PDCCH monitoring occasions per 1 ms sub-frame) or 2/3 OS (corresponding to six monitoring occasions per sub-frame) are supported. Due to the similarities with Case 2 for NR, it is interesting to review the BD requirements of the sTTI capable UE in this context. The requirements are summarized in the table below:

	Case
	Monitoring occasions per 1 ms
	1 ms DCI monitoring
	sTTI DCI monitoring (USS)
	Total

	
	
	CSS
	USS
	
	

	No sTTI
	1
	12
	32
	-
	44

	1-slot sTTI
	2
	12
	32
	24
	68

	2/3 OS sTTI
	6
	12
	32
	36
	80



To meet the need for additional PDCCH decoding per sub-frame due to the shorter TTI, the BD requirements depend on the TTI. However, as a compromise to UE complexity, the increase is less than proportional to the number of monitoring occasions per sub-frame.
2.6.3	Proposed requirements for Rel-15 June 2018 version of Case 2
The capability of monitoring PDCCH candidates across the OFDM symbols within a slot is essential for operating in the unlicensed band due to the need to commence transmission after listen before talk. This is illustrated in Fig 1 and discussed extensively in [3]. Similarly, such capability is also needed for URLLC services [4].
[image: ]
[bookmark: _Ref513644164]Figure 1	Example for NR-U PDSCH transmission at gNB side and PDCCH monitoring at UE side
A similar approach should be taken for Case 2 of NR in the June 2018 version of Rel-15. For NR the number of monitoring occasions in a slot can be anything from 1 to 14. Rather than specifying multiple new UE capability levels it is proposed to specify one additional level of support for PDCCH blind decodes, for which the numbers are doubled compared to Case 1. 
For this additional level of support, instead of simply defining it per slot basis, it makes more sense to take into account how the BDs/CCEs are distributed in a slot for mini-slot operations. One possible choice is to define the BD/CCE limit for each half of the slot. For the first half of the slot, it is natural to assume the same number as the other cases. For the second half of the slot, assuming UE has finished processing PDCCH in the first half of the slot, the UE should have the same PDCCH processing capability in the second half of the slot. Therefore, it is reasonable to assume the same number as in the first slot. 
Based on the above analysis, the corresponding increase in the BD limits is proposed:
	Max no. of PDCCH BDs per slot
	Sub-carrier spacing

	
	15kHz
	30kHz
	60kHz
	120kHz

	Case 1 
	44
	36
	22
	20

	Case 2 (December 2017 version)
	44
	36
	22
	20

	Case 2 (June 2018 version)
	1st half the slot
	44
	36
	22
	20

	
	2nd half the slot
	44
	36
	22
	20



Similarly, a corresponding increase in the CCE limits is proposed:
	Max no. of PDCCH CCEs per slot
	Sub-carrier spacing

	
	15kHz
	30kHz
	60kHz
	120kHz

	Case 1 
	56
	56
	48
	32

	Case 2 (December 2017 version)
	56
	56
	48
	32

	Case 2 (June 2018 version)
	1st half the slot
	56
	56
	48
	32

	
	2nd half the slot
	56
	56
	48
	32



[bookmark: _Toc513498550][bookmark: _Toc513220960][bookmark: _Toc513220979][bookmark: _Toc513220996][bookmark: _Toc513221737][bookmark: _Toc513384917][bookmark: _Toc513464612][bookmark: _Toc513464619][bookmark: _Toc513492229][bookmark: _Toc513798504]For Rel-15 June 2018 version of Case 2, the number of PDCCH blind decodes for PDCCH monitoring occasion(s) whose first symbol(s) are in the first half slot is {44, 36, 22, 20} for SCS {15kHz, 30kHz, 60kHz, 120kHz}, and for PDCCH monitoring occasion(s) whose first symbol(s) are in the second half slot is {44, 36, 22, 20} for SCS {15kHz, 30kHz, 60kHz, 120kHz}.
[bookmark: _Toc513498551][bookmark: _Toc513798505]For Rel-15 June 2018 version of Case 2, number of CCEs for channel estimation for PDCCH monitoring occasion(s) whose first symbol(s) are in the first half slot is {56, 56, 48, 32} for SCS {15kHz, 30kHz, 60kHz, 120kHz}, and for PDCCH monitoring occasion(s) whose first symbol(s) are in the second half slot is {56, 56, 48, 32} for SCS {15kHz, 30kHz, 60kHz, 120kHz}.
2.7	PDCCH monitoring outside the first 3 symbols of a slot
The following clause is captured in [2]. It is understood that the clause is to reflect Case 1-1 and Case 1-2 where PDCCH monitoring is not monitored beyond the span of the first 3 symbols in a slot except for 15 kHz SCS. However, though the intention is correct, it is not consistent with SS#0, whose monitoring symbols in a slot may depend on the associated SSB index in SS/PBCH multiplexing pattern 2/3 and be located outside the span of the first 3 symbols in a slot. Therefore, the clause below should be revised to be consistent with SS#0.




If the higher layer parameter monitoringSymbolsWithinSlot indicates to a UE only one PDCCH monitoring occasion within a slot, the UE does not expect to be configured a corresponding search space set  for a PDCCH subcarrier spacing other than 15 kHz if the control resource set  associated with the search space  includes at least one symbol after the third slot symbol. 



[bookmark: _Toc513798506]Adopt the following TP for TS 38.213



[bookmark: _Toc513798507]“If the higher layer parameter monitoringSymbolsWithinSlot indicates to a UE only one PDCCH monitoring occasion within a slot, the UE does not expect to be configured a corresponding search space set  other than search space set 0 for a PDCCH subcarrier spacing other than 15 kHz if the control resource set  associated with the search space  includes at least one symbol after the third slot symbol.”
2.8	Editorial TP for 213 




The following clause is captured in [2]. It is confusing why PDCCH monitoring periodicity is used in the subscript in the notation. Further, this notation is not used in any other places. It is recommended that the confusing notation is removed.



A PDCCH UE-specific search space  at CCE aggregation level  is defined by a set of PDCCH candidates for CCE aggregation level . 

[bookmark: _Toc513798508]Adopt the following TP for TS 38.213:



[bookmark: _Toc513798509]“A PDCCH UE-specific search space  at CCE aggregation level  is defined by a set of PDCCH candidates for CCE aggregation level .”
Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	In NR, TC-RNTI is not monitored in USS.
Proposal 2	In in USS, the association of the RNTIs with DCI formats are as follows.
	For C-RNTI, DCI formats to monitor should include DCI 0_0/1_0, DCI 0_1, and DCI 1_1.
	For TC-RNTI, it is not monitored in USS.
	For CS-RNTI, DCI formats to monitor should include DCI 0_0/1_0, DCI 0_1, and DCI 1_1.
	For SP-CSI-RNTI, DCI formats to monitor should include DCI 0_1
Proposal 3	For Case 2, map all candidates of USS search-space-set with lower SS set ID before candidates of USS with higher ID
Proposal 4	For Case 2, if all candidates in a SS set can’t be mapped, map all candidates of the USS associated with earlier monitoring occasion before candidates of the USS associated with later monitoring occasion in a slot
	If all candidates in a monitoring occasion in the SS set can’t be mapped, any candidates in the monitoring occasion of the SS set, in the later monitoring occasion(s) of the SS set, and in any subsequent SS sets are dropped (not mapped)
Proposal 5	Remove the sentence “The UE does not expect to be provided another search space set for monitoring PDCCH in the control resource set provided by recoveryControlResourceSetId.” from 38.213.
Proposal 6	Remove the sentence “Unless the UE transmitted PRACH in response to Beam-failure-recovery-request-RACH-Resource, the UE is not expected to monitor PDCCH candidates in the control resource set provided by recoveryControlResourceSetId after the UE receives a higher layer parameter ControlResourceSet or after the UE receives a MAC CE activation for a TCI state.” from 38.213.
Proposal 7	Clarify the definition of Case 1 and Case 2.
Proposal 8	For Rel-15 June 2018 version of Case 2, the number of PDCCH blind decodes for PDCCH monitoring occasion(s) whose first symbol(s) are in the first half slot is {44, 36, 22, 20} for SCS {15kHz, 30kHz, 60kHz, 120kHz}, and for PDCCH monitoring occasion(s) whose first symbol(s) are in the second half slot is {44, 36, 22, 20} for SCS {15kHz, 30kHz, 60kHz, 120kHz}.
Proposal 9	For Rel-15 June 2018 version of Case 2, number of CCEs for channel estimation for PDCCH monitoring occasion(s) whose first symbol(s) are in the first half slot is {56, 56, 48, 32} for SCS {15kHz, 30kHz, 60kHz, 120kHz}, and for PDCCH monitoring occasion(s) whose first symbol(s) are in the second half slot is {56, 56, 48, 32} for SCS {15kHz, 30kHz, 60kHz, 120kHz}.
[bookmark: _GoBack]Proposal 10	Adopt the following TP for TS 38.213



“If the higher layer parameter monitoringSymbolsWithinSlot indicates to a UE only one PDCCH monitoring occasion within a slot, the UE does not expect to be configured a corresponding search space set  other than search space set 0 for a PDCCH subcarrier spacing other than 15 kHz if the control resource set  associated with the search space  includes at least one symbol after the third slot symbol.”
Proposal 11	Adopt the following TP for TS 38.213:



“A PDCCH UE-specific search space  at CCE aggregation level  is defined by a set of PDCCH candidates for CCE aggregation level .”
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