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In RAN1 #92b [1], there exist agreements related to PDCCH search space. In particular, there is an agreement on the limit of number of CCEs for channel estimation per slot for the Rel. 15 December release below.  
Agreements:
· For Rel.15 December 2017 version of Case 2, number of CCEs for channel estimation per slot is {56, 56, 48, 32} CCEs for SCS {15kHz, 30kHz, 60kHz, 120kHz}

Previously, there were also agreements on the limit of number of blind decodes per slot [2], [3].
Agreements:
· For information, the following cases are clarified:
· 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
· The numbers in bracket in the following table can be further adjusted but not to be increased
· X<=16, Y<=8
· FFS whether or not to have case 2’, where the values of X and/or Y can be smaller than case 2
	Max no. of PDCCH BDs per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	Case 1-1
	44
	36
	22
	20

	Case 1-2
	[44]
	
	
	-

	Case 2
	[44+X]
	[36+Y]
	[22+Y]
	[20]



Agreements:
· Confirm the value for Case 1-2. X=0 and Y=0 for Case 2. No consensus on additional Case 2’.
	[bookmark: _Hlk512239207]Max no. of PDCCH BDs per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	Case 1-1
	44
	36
	22
	20

	Case 1-2
	[44]
	
	
	-

	Case 2
	[44+X]
	[36+Y]
	[22+Y]
	[20]



[bookmark: _Hlk485323842]For URLLC with strict low latency, there can be multiple PDCCH monitoring occasions within a slot. The current limits on number blind decodes and number of CCEs for channel estimation defined per slot may be too restrictive. In this contribution, we provide views on how this limit should be relaxed for NR Rel.15 June release, taking into account URLLC operation. 
Discussion
TR 38.913 [4] describes the reliability requirement for URLLC as follows
“Reliability can be evaluated by the success probability of transmitting X bytes within a certain delay, which is the time it takes to deliver a small data packet from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point of the radio interface, at a certain channel quality (e.g., coverage-edge).
A general URLLC reliability requirement for one transmission of a packet is 1-10-5 for 32 bytes with a user plane latency of 1ms.”
With such strict requirements on latency and reliability, it is important that scheduling type B is supported. With type B scheduling, there can be multiple PDCCH monitoring occasions within a slot. The total number of blind decodes and CCEs for channel estimation in a slot can therefore exceed the current limits. 
It is therefore important to highlight that the existing limit on blind decode for Case 2 where PDCCH monitoring periodicity is less than 14 symbols is defined only for NR Rel. 15 December release. For the June release, the more relaxed values should be considered for Case 2, taking into account, e.g., URLLC operation.

[bookmark: _Toc513498547][bookmark: _Toc513714055][bookmark: _Toc513714066][bookmark: _Toc513714629][bookmark: _Toc513848509][bookmark: _Toc513848589]The existing limits on numbers of blind decodes per slot for Case 2 are only defined for NR Rel. 15 December release. 
[bookmark: _Toc513498549][bookmark: _Toc513634673][bookmark: _Toc513634764][bookmark: _Toc513643524][bookmark: _Toc513714072][bookmark: _Toc513714631][bookmark: _Toc513829530]For the June release, the limit for numbers of blind decodes and CCEs for channel estimation per slot for Case 2 should be increased.

Search space design for URLLC
In order to satisfy URLLC requirements on low latency and high reliability, multiple PDCCH monitoring occasions within a slot can be required. It is possible to limit the number of candidates in a search space so that the total number of blind decodes can be limited. However, this can strongly limit scheduling options. 

[bookmark: _Hlk513846812]In LTE, the number of blind decodes was increased with the introduction of sTTI where subslot of 2/3 os (corresponding to 6 monitoring occasions within a subframe) and slot of 7os (corresponding to 2 monitoring occasions within a subframe) are supported. The baseline for one component carrier in LTE is 44 blind decodes per 1 ms subframe, of which 12 are for CSS and 32 for USS. With sTTI, there can be 24 additional BDs with 1-slot sTTI and 36 additional BDs with 2/3 OS sTTI. Therefore, the total number of blind decodes per 1 ms subframe is increased as 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



Due to the similarities with Case 2 for NR, 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. 
PDCCH monitoring occasions directly affects the ‘alignment delay’- waiting time until data transmission actually occurs. For example, if there is only one monitoring occasion at the beginning of a slot, data which arrives slightly after the beginning of the slot has to wait for the next available monitoring occasion in the next slot. This has significant impact on overall latency especially for time-critical service like URLLC. 
To be more concrete, one can consider a relevant example where URLLC is operated with 15 kHz SCS in the outdoor macro environment. If there is only one monitoring occasion in the beginning of a slot, there is a risk that even a single-shot 2-os data transmission cannot fulfil the 1ms latency target assuming the worst-case alignment delay, i.e., 14os worst-case alignment delay+2os PDCCH and PDSCH+3os processing time = 19os which is more than 1ms.
Based on the analysis in the companion contribution [5], at least a PDCCH monitoring periodicity of 5 symbols is necessary for satisfying the 1ms latency target. The PDCCH monitoring periodicity means, for example, PDCCH can start in symbol 0, 5, 10 in a slot, resulting in 3 monitoring occasions in a slot.

[bookmark: _Toc513714056][bookmark: _Toc513714067][bookmark: _Toc513714630][bookmark: _Toc513848510][bookmark: _Toc513848590][bookmark: _GoBack]To support URLLC with latency requirement of 1ms, at least three PDCCH monitoring occasions per slot is required.
[bookmark: _Toc513714073][bookmark: _Toc513714632][bookmark: _Toc513829531]PDCCH monitoring periodicity of 5os or shorter is supported for URLLC.

The above proposal is only a minimum monitoring occasion required to support at least a single-shot transmission with 15kHz SCS fulfilling URLLC latency requirement. As mentioned earlier the number of monitoring occasions in a slot for NR could in principle be flexible, i.e., anything from every 1 to 14os. 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



For example, for 120 kHz SCS, with the existing limit of 32 CCEs per slot, there can be at most two AL16 candidates, or one AL16 and two AL8 candidates per slot, which can be very limiting for URLLC requiring at least two monitoring occasions in a slot. The proposed value would allow more flexible PDCCH scheduling and reduce blocking probability (see also the discussion in [4]). For the NR Rel 15, June 2018 release the following number of blind decodes and CCEs for channel estimation for Case 2 can be considered. 

[bookmark: _Toc513794439][bookmark: _Toc513829532][bookmark: _Toc513498550][bookmark: _Toc513634674][bookmark: _Toc513634765][bookmark: _Toc513643525][bookmark: _Toc513714074][bookmark: _Toc513714633][bookmark: _Toc513220960][bookmark: _Toc513220979][bookmark: _Toc513220996][bookmark: _Toc513221737][bookmark: _Toc513384917][bookmark: _Toc513464612][bookmark: _Toc513464619][bookmark: _Toc513492229]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: _Toc513829533][bookmark: _Toc513794440][bookmark: _Toc513829534][bookmark: _Toc513498551][bookmark: _Toc513634675][bookmark: _Toc513634766][bookmark: _Toc513643526][bookmark: _Toc513714075][bookmark: _Toc513714634] 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}.

The support for higher BD and CCEs can be connected to UE capability. Some UEs may be able to support it and some may not. For URLLC service capable UEs, these can be supported as a part of the service package. 
Conclusion
In section 2 we made the following observations:
Observation 1	The existing limits on numbers of blind decodes per slot for Case 2 are only defined for NR Rel. 15 December release.
Observation 2	To support URLLC with latency requirement of 1ms, at least three PDCCH monitoring occasions per slot is required.

Based on the discussion in section 2 we have the following proposals:
Proposal 1	For the June release, the limit for numbers of blind decodes and CCEs for channel estimation per slot for Case 2 should be increased.
Proposal 2	PDCCH monitoring periodicity of 7os or shorter is supported for URLLC.
Proposal 3	For Rel-15 June 2018 version of Case 2, the number of PDCCH blind decodes in the first half slot is {44, 36, 22, 20} for SCS {15kHz, 30kHz, 60kHz, 120kHz}, and in the second half slot is {44, 36, 22, 20} for SCS {15kHz, 30kHz, 60kHz, 120kHz}.
Proposal 4	For Rel-15 June 2018 version of Case 2, number of CCEs for channel estimation in the first half slot is {56, 56, 48, 32} for SCS {15kHz, 30kHz, 60kHz, 120kHz}, and in the second half slot is {56, 56, 48, 32} for SCS {15kHz, 30kHz, 60kHz, 120kHz}.
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