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Introduction
This document discusses the relation between the UE specific search space stating subframe and DRX configuration. Although it was agreed to be discussed in RAN2, we think it is worth to discuss it also in RAN1.

[bookmark: _GoBack]In RRC parameter list [1], RAN1 agreed "starting subframe configuration of UE-SS" as UE specific configuration. 

Related to the starting subframes of UE specific search space, following agreements were made in RAN1#83. 

	Agreement:
· The relation between starting subframes and maximum number of R is 
· Option 2: The periodicity of starting subframes of UE-SS can be longer than maximum number of R. Only one SS occurs after the starting subframe of UE-SS. 
· Note: the duration between the two adjacent starting subframes should be no less than the actual subframe duration of the maximum number of R
· FFS whether R_max = 1 is supported, and if so, the starting subframes for this case
· The possible starting subframes for M-PDCCH search space are defined regardless of valid/invalid DL subframe(s) 





	Agreement:
· For starting subframe for USS, 
·  Separate RRC parameter: 
· RAN1 recommends to have [3] bit for the signalling, and kindly ask RAN2 to specify the details of the signalling







Discussion
The required property of the configuration for the starting subframes of UE specific search space would be following.
- It should be allowed to align multiple UE's starting subframes. This means the network has the flexibility to assign different UE's PDSCHs/PUSCHs based on the scheduling behaviour. 
- If no DRX is configured, it should be allowed to schedule MPDCCH/PDSCH continuously. This allows maximum throughput.
- If DRX is configured, the stating subframe of USS is aligned with the starting subframe of the onDurationTimer. This allows minimizing the unnecessary wake-up time.

Based on the above points, the desirable behaviour could be illustrated as following.


Fig.1  Timing relation between USS search space and starting subframe of OnDuration

To allow the operation like above, we further discuss the possible parameter values.
- RMAX
The maximum number of MPDCCH repetition period. The candidate value configured by RRC dedicatedly is {1, 2, 4, 8, 16, 32, 64, 128, 256}. The unit is subframe.
- PDSCH/PUSCH repetition length
DCI indicates one of 4 values for CE mode A and one of 8 values for CE mode B. The set of PDSCH repetition number of 4 or 8 values are determined by RRC. RRC configures the mMaximum value to indicate the set of PDSCH repetition number from {8, 16, 32} for CE mode A and from {192, 256, 384, 512, 768, 1024, 1536, 2048} for CE mode B. Then using RRC configured maximum number of PDSCH/PUSCH as the maximum value, the possible values for indicated by DCI are consecutive lower side of the number of 4 or 8 entries from {1, 2, 4, 8, 16, 32, 64, 128, 192, 256, 384, 512, 768, 1024, 1536, 2048}.  The unit is subframe.
- longDRX-Cycle 
It can take {10, 20, 32, 40, 64, 60, 70, 80, 128, 160, 256, 320, 512, 640, 1024, 1280, 2048, 2560}.
- drxStartOffset
It can take any value within longDRX-Cycle with subframe granularity by the configuration.

For MPDCCH/PDSCH/PUSCH, the repetitions are counted by only valid subframes. On the other hand, DRX configurations and the starting subframe of USS is defined by SFN and subframe numbers only, i.e. valid/invalid subframe configuration does not influence the timing. The network may configure certain subframes as invalid subframe in order to restrict the eMTC resource usage. The valid subframe for DL is bitmap of 10 or 40 bits. The valid subframe indication for UL is 10 bits bitmap.
It is required to define the behaviour when the starting subframe of USS conflict with 
1. previous USS because USS is counted only within valid subframe and
2. the starting subframe of USS is invalid subframe.

We propose if UE starting subframe is collided with previous search space or invalid subframe, this starting subframe of USS is invalid. If USS is postponed to the next valid subframes, the starting subframe of USS is required to calculate continuously taking into account valid subframe configuration. Without some mechanism to reset the starting subframe, to postpone the starting subframe is difficult. On the other hand, when DRX is configured, the reset of the starting subframe is possible using the starting subframe of OnDuration. This reduces the power consumption of UE.  
Based on the above discussion, for the configuration of the starting subframe for USS agreed as [3]bits, we propose to have following configurations.
Table 1: Proposals of the configuration of the starting subframes for USS
	The value configured by RRC "starting subframe for USS"
	The configuration of the starting subframe for USS

	0
	The starting subframe of USS is following regardless of DRX configuration.
 [(SFN * 10) + subframe number] modulo (RMAX) = 0

This configuration means UE specific search space is consecutively assigned with the period of RMAX. When all subframes are valid subframes, MPDCCH has the maximum chance of the assignment. 
When DRX is configured, MPDCCH search space is valid only during OnDuration. It means the starting subframe of OnDuration and USS is not necessary to be aligned.


	1
	The starting subframe of USS is following regardless of DRX configuration.
 [(SFN * 10) + subframe number] modulo (RMAX + "minimum value of PDSCH repetition") = 0

This configuration means UE specific search space is consecutively assigned with the period of RMAX + "minimum value of PDSCH repetition"). When all subframes are valid subframes, MPDCCH and minimum repetition of PDSCH can be assigned continuously.
When DRX is configured, MPDCCH search space is valid only during OnDuration. It means the starting subframe of OnDuration and USS is not necessary to be aligned.



	2
	The starting subframe of USS is following regardless of DRX configuration.
 [(SFN * 10) + subframe number] modulo (RMAX + "maximum value of PDSCH repetition") = 0

This configuration means UE specific search space is consecutively assigned with the period of RMAX + "maximum value of PDSCH repetition"). When all subframes are valid subframes, MPDCCH and minimum repetition of PDSCH can be assigned continuously.
When DRX is configured, MPDCCH search space is valid only during OnDuration. It means the starting subframe of OnDuration and USS is not necessary to be aligned.


	3
	If DRX is not configured, the configuration is same as configuration "0".
If DRX is configured, the starting subframe of USS is aligned with the starting subframe of OnDuration. After the start of OnDuration, USS is repeated in every RMAX period of all subframes (regardless of valid/invalid subframes).


	4
	If DRX is not configured, the configuration is same as configuration "0".
If DRX is configured, the starting subframe of USS is aligned with the starting subframe of OnDuration. After the start of OnDuration, USS is repeated in every RMAX period of valid subframes.


	5
	If DRX is not configured, the configuration is same as configuration "1".
If DRX is configured, the starting subframe of USS is aligned with the starting subframe of OnDuration. After the start of OnDuration, USS is repeated in every (RMAX + "minimum value of PDSCH repetition") period of valid subframes.


	6
	If DRX is not configured, the configuration is same as configuration "2".
If DRX is configured, the starting subframe of USS is aligned with the starting subframe of OnDuration. After the start of OnDuration, USS is repeated in every (RMAX + "maximum value of PDSCH repetition") period of valid subframes.


	7
	Reserved for future



The configuration 4, 5 and 6 are not in-line with the RAN1 agreement that "the possible starting subframes for M-PDCCH search space are defined regardless of valid/invalid DL subframe(s)" for the search spaces except the one just after OnDuration. By counting only valid subframes, the network can operate aligned subframe usage. At the time of RAN1 discussion, DRX aspect was not well discussed. Therefore, we propose to take period only valid subframe when DRX is configured. 


Conclusion
This contribution discusses the configuration of UE specific search spaces. We propose following.
Proposal 1: If UE starting subframe is collided with previous search space or invalid subframe, this starting subframe of USS is invalid.
Proposal 2: The behaviour according to "starting subframe for USS" configuration is following. 

	The value configured by RRC "starting subframe for USS"
	The configuration of the starting subframe for USS

	0
	The starting subframe of USS is following regardless of DRX configuration.
 [(SFN * 10) + subframe number] modulo (RMAX) = 0

	1
	The starting subframe of USS is following regardless of DRX configuration.
 [(SFN * 10) + subframe number] modulo (RMAX + "minimum value of PDSCH repetition") = 0

	2
	The starting subframe of USS is following regardless of DRX configuration.
 [(SFN * 10) + subframe number] modulo (RMAX + "maximum value of PDSCH repetition") = 0

	3
	If DRX is not configured, the configuration is same as configuration "0".
If DRX is configured, the starting subframe of USS is aligned with the starting subframe of OnDuration. After the start of OnDuration, USS is repeated in every RMAX period of all subframes (regardless of valid/invalid subframes).


	4
	If DRX is not configured, the configuration is same as configuration "0".
If DRX is configured, the starting subframe of USS is aligned with the starting subframe of OnDuration. After the start of OnDuration, USS is repeated in every RMAX period of valid subframes.


	5
	If DRX is not configured, the configuration is same as configuration "1".
If DRX is configured, the starting subframe of USS is aligned with the starting subframe of OnDuration. After the start of OnDuration, USS is repeated in every (RMAX + "minimum value of PDSCH repetition") period of valid subframes.


	6
	If DRX is not configured, the configuration is same as configuration "2".
If DRX is configured, the starting subframe of USS is aligned with the starting subframe of OnDuration. After the start of OnDuration, USS is repeated in every (RMAX + "maximum value of PDSCH repetition") period of valid subframes.


	7
	Reserved for future
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Annex

Agreement related to the search space is following.

	Agreement:
· For aggregation level 24, the resource mapping is frequency first, time second over 6 PRBs.
· Total number of BD trials for USS in a subframe is 16 or less.
· Total number of BD trials for CSS for fallback and 3/3A in a subframe is 4 or less.
· This is received in the subframes where CE mode A UE receives USS.
· This is at least for downlink fall-back. 
· {Number of aggregation, Number of the repetition, Number of BD trials} is expressed in the following tables.
· If Rmax=1 for USS,  and number of PRB is configured 2 or 4, 
· reuse legacy E-PDCCH table.
· Otherwise
· use following tables where
· If Rmax =1
· R1 is Rmax
· If Rmax = 2
· R1 is Rmax/2
· R2 is Rmax
· If Rmax = 4
· R1 is Rmax/4
· R2 is Rmax/2
· R3 is Rmax
· If Rmax >= 8 
· R1 is Rmax/8
· R2 is Rmax/4
· R3 is Rmax/2
· R4 is Rmax
· If Ri is not existing, UE does not monitor the candidate with Ri.
· For M-PDCCH candidate with repetition Ri, UE needs to blindly decode every Ri subframe. Following table should be taken as the starting point.
	
· USS CE mode A

	Number of PRB pairs for M-PDCCH
	

	2+4
4
	2 PRB set
	[{2,R1,1}{4,R1,1}]
[{4,R2,1}{8,R2,1}]

	
	4 PRB set
	[{8,R1,2}{16,R1,1}]
[{8,R2,2}{16,R2,1}]
[{8,R3,1}{16,R3,1}]


	
	2+4 PRB set
	[{24,R1,1}{24,R2,1}{24,R3,1}{24,R4,1}]

	2
	[{2,R1,2}{4,R1,1}{8,R1,1}
{2,R2,2}{4,R2,1}{8,R2,1}
{2,R3,2}{4,R3,1}{8,R3,1}
{2,R4,2}{4,R4,1}{8,R4,1}]

	4
	[{2,R1,1}{4,R1,1}{8,R1,1}{16,R1,1}
{2,R2,1}{4,R2,1}{8,R2,1}{16,R2,1}
{2,R3,1}{4,R3,1}{8,R3,1}{16,R3,1}
{2,R4,1}{4,R4,1}{8,R4,1}{16,R4,1}]



· USS CE mode B

	Number of PRB pairs for M-PDCCH
	

	2+4
4
	2 PRB set
	[{8,R1,1}{8,R2,1}{8,R3,1}{8,R4,1}]

	
	4 PRB set
	[{16,R1,1}{16,R2,1}{16,R3,1}{16,R4,1}]

	
	2+4 PRB set
	[{24,R1,1}{24,R2,1}{24,R3,1}{24,R4,1}]

	2
	[{8,R1,1}{8,R2,1}{8,R3,1}{8,R4,1}]

	4
	[{8,R1,1}{8,R2,1}{8,R3,1}{8,R4,1}
{16,R1,1}{16,R2,1}{16,R3,1}{16,R4,1}]
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