3GPP TSG RAN WG1 Meeting #83                                                                        	                        R1-156943
Anaheim, USA, 15th – 22th November 2015

Source:	Panasonic
Title: 	UE-specific search space for MTC
Agenda Item:		6.2.1.3
Document for:	Discussion and Decision
Introduction
In RAN1 #82bis meeting, following were agreed:
	Agreement: 
· Two CE modes are specified for RRC_CONNECTED UEs:
· CE Mode A describes a set of behaviours for no repetitions and small number of repetitions
· CE Mode B describes a set of behaviours for large number of repetitions
· The CE mode is signalled to the UE 
· For each physical channel, there may be some common numbers of repetitions which can be used in CE Mode A and CE Mode B
· Detailed association of DCI formats, CSI feedback, etc. is FFS
Agreement:
· UE supports both localized and distributed ECCE mapping for M-PDCCH construction using {2,4} PRBs
· Note: the case of 24 ECCEs for localized and distributed is additionally supported as another decoding candidate
· Other than the 24 ECCEs, there is no other decoding candidate spanning two M-PDCCH resource sets (regardless of localized or distributed), if configured
· A UE is configured with either localized or distributed M-PDCCH, regardless of one or two M-PDCCH resource sets




This document discusses the remaining issues of UE-specific search space.
Discussion
[bookmark: OLE_LINK258][bookmark: OLE_LINK259]Search space modes
The agreed two modes are also applied to MPDCCH transmission. The search space in CE mode A is targeting no/small repetition case. Search space in CE mode B is targeting other repetition case i.e. large repetition case. 

Search space in CE mode A
During blind detecting the candidate {L, R}, one MTC UE accumulates the repetitions from the starting subframe and attempt to decode it until succeed at the points of every supported repetition number. Illustration of the search space is shown in Figure 1.

[bookmark: _Ref430790641]Figure 1 MPDCCH in no/small repetition case and scheduled data channel

In frequency domain, the search space has following properties.
· Candidates of aggregation level (AL) 1, 2, 4, 8, 16 and 24 are supported.
· The ECCE mapping of candidate L= 1, 2, 4, 8 and 16 is same as EPDCCH candidates.
· One example of candidates monitored by a MTC UE configured by one PRB set is listed in Table 1. The total 16 BD trials are same as current normal UEs. The column of "number of candidate" means followings. Using the case of L=2 as example, {2,2,0} means 2 BD trials in PRB-set 2,  2 BD trials in PRB-set 4 and no BD trial in the combination of 2 and 4 PRB set. L=24 is realized only for the combination of 2 and 4 PRB set.
Table 1 Example of MPDCCH candidates in Mode A
	L
(Aggregation level)
	Number of candidates in {2 PRB-set, 4 PRB-set, combination of 2 and 4 PRB-set}

	1
	3, 3, 0

	2
	2, 2, 0

	4
	1, 1, 0

	8
	1, 1, 0

	16
	0, 1, 0

	24
	0, 0, 1



In time domain: 
· All the candidates with different repetition number start from the same subframe.

DCI contents: 
· DCI format for no and small repetition levels are used.

Search space in CE mode B
Search space mode B is targeting large number of the repetitions in both MPDCCH and MPDSCH/MPUSCH. 
In frequency domain, the search space has following properties.
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK6][bookmark: OLE_LINK7]Candidate of aggregation level 24 only is supported.
· The candidates monitored by a MTC UE for one PRB set is listed in Table 2. The total 1 BD trials in one subframe is needed.
Table 2 Example of MPDCCH candidates in Mode B
	L
(Aggregation level)
	Number of candidates in {2 PRB-set, 4 PRB-set, combination of 2 and 4 PRB-set}

	24
	0, 0, 1



In time domain, tree-like structure in is proposed as illustrated in Figure 2.
· Tree-like structure is applied to the candidates in time domain which can have different starting subframe.
· As discussed in [1], if 4th CSS including DCI format 3/3A is simultaneously monitored with USS by eMTC UE, separate buffers are needed for the CSS. In this case, the buffer of USS brought by tree-like structure is likely an extra burden. Therefore, if 4th CSS and USS are overlapped, the structure with same starting subframe same as mode A is preferred for SS in mode B.

DCI contents: 
· DCI format for large repetition are used.


[bookmark: _Ref430781595][bookmark: OLE_LINK15]Figure 2 MPDCCH in large repetition case and scheduled data channel

Proposal 1: Candidate of aggregation level 24 is the only candidate for search space in mode B.

USS configurations
For PRACH coverage enhancement, RAN1 had received LS from RAN 4 as following [2]:
	· [bookmark: OLE_LINK77]“It is possible to reliably distinguish between non-coverage enhancement and coverage enhancement (e.g. NC and 15 dB EC) using RSRP based method at least for AWGN channels.”
· “It is possible to reliably distinguish among coverage enhancement of max. 2 levels (e.g. 5 dB EC and 15 dB EC) using RSRP based method at least for AWGN channels.”



Therefore, our understanding is to define only three levels, which are {no CE, 5dB CE, 15db CE}. On the other hand, by setting RSRP, three levels can be set as within 5dB CE levels. For example, {no CE, 3 dB CE, 5db CE}. As we proposed above, no/small repetition case is realized by search space in CE mode A and large repetition case is realized by search space in CE mode B. Therefore, we propose three levels can be configured by one of following configurations.
- (mode A, mode A, mode A)
- (mode A, mode A, mode B)
- (mode A, mode B, mode B)

Proposal 2: CE mode A or B is configured to USS per CE level.

The configurations of MPDCCH UE specific search space includes following. They are initialized by MTC-SIBx and can be overridden by latter UE-specific RRC signaling.
· Number of PRB pairs
· The number of PRB pairs for USS is configured per CE level. If the PRB pairs are collided by PBCH or certain invalid PRB pairs, brute force puncturing is the behavior. Details are in [3].
· Transmission type
· Transmission type (distributed or localized) is configured per UE but not per set. This can minimize the signaling and test cases.
· Starting subframe 
· Starting subframe of USS is realized by SFN and subframe index per CE level. It is deterministic regardless of valid /invalid subframe configuration. The periodicity of the starting subframes is larger than maximum repetition number Rmax and not necessary to be integral multiple of Rmax.


Figure 3 Starting subframe and periodicity
· Maximum repetition number RMax
· Repetition number set is configured per CE level, which is selected from Table 3.
· The repetition number used in each transmission is indicated by DCI of itself with 2bits.
Table 3 Example of repetition number sets
	Repetition number set index
	Repetition number 

	0
	1, 2, 4, 8

	1
	2, 4, 8, 16

	2
	4, 8, 16, 32

	3
	8, 16, 32, 64

	4
	16, 32, 64, 128

	5
	32, 64, 128, 256



· [bookmark: OLE_LINK54][bookmark: OLE_LINK55]Supported aggregation levels and monitored candidates in frequency domain
· This is determined by the type of CE mode and PRB pairs according to Table 1 and 2. Both are configured per CE level. 
· [bookmark: OLE_LINK56][bookmark: OLE_LINK57]Narrowband position
· The narrowband is configured per CE level. 
· On/off of frequency hopping

Timing relationship
It had been agreed in RAN #82bis that:
	· The repetition R of the MPDCCH is indicated by 2-bit in the DCI



The scheduled MPDSCH repetitions will be transmitted from the subframe R+1. The value of R is up to eNB and R can be larger than the accumulated repetition number while decoding the MPDCCH successfully. This is up to eNB’s implementation.
[bookmark: OLE_LINK81][bookmark: OLE_LINK82][bookmark: OLE_LINK83][bookmark: OLE_LINK84][bookmark: OLE_LINK85][bookmark: OLE_LINK86][bookmark: OLE_LINK87][bookmark: OLE_LINK88][bookmark: OLE_LINK89][bookmark: OLE_LINK90][bookmark: OLE_LINK91][bookmark: OLE_LINK92][bookmark: OLE_LINK93][bookmark: OLE_LINK94][bookmark: OLE_LINK95][bookmark: OLE_LINK96][bookmark: OLE_LINK97][bookmark: OLE_LINK98][bookmark: OLE_LINK99][bookmark: OLE_LINK100][bookmark: OLE_LINK101][bookmark: OLE_LINK102]One example of the timing relationship in search space mode A is shown in Figure 3. This is the case MPDSCH cannot be transmit in the PRBs not used for MPDCCH. For example MPDCCH#1 eCCE is only allocated on two PRBs and assigned MPDSCH#1 is more than two PRBs. One MTC UE monitors its MPDCCH assuming repetition number is R1, R2 and RMax, respectively. MPDCCH#1 is transmitted with R1 repetitions. The MTC UE decodes it successfully. The indicated repetition number of the MPDCCH#1 is RMax. Then the scheduled MPDSCH#1 repetition is transmitted from RMax +1 subframe which is aligned with the MPDSCH #2 transmission. Such use R allows MPDSCH#1 can start the transmission after the concurrent MPDCCH#2 is finished. It increases flexibility of resource allocation of MPDSCH regardless of the size/usage of MPDCCH.

[bookmark: _Ref430880497]Figure 3 Example of timing relationship between MPDCCH and scheduled MPDSCH 
Another example is shown in Figure 4. This is the case that MPDSCH can be transmitted in the PRB not used for MPDCCH. MPDSCH#1 is transmitted only within unused PRBs in MPDCCH search space. The repetition number of MPDCCH#1 is R1, while the indicated repetition number is R2. MPDSCH #2 and MPDSCH #3 are both transmitted from RMax +1 subframe. The resource usage efficiency is increased but MPDSCH frequency resource usage is limited. If eNB wants to schedule MPDSCH#2 as described, MPDSCH#1 should be finished before RMax +1.

[bookmark: _Ref430864312]Figure 4 Example of timing relationship between MPDCCH and scheduled MPDSCH

[bookmark: OLE_LINK103]Figure 5 shows an example of successive DL transmission of one MTC UE. MPDCCH #1 schedules MDPSCH #1 and repetitions of MPDSCH #1 overlaps with part of UE #1’s next search space. If the search space is mode A, MPDCCH #2 cannot be transmitted in the search space which is partially occupied. If UE#2 search space is staggered like the figure, UE#2 can be scheduled. On other hand, if search space mode B is applied, MPDCCH #2 for UE #1 can start from the middle of the next search space. The extension of MPDSCH can be applied regardless of UE#1 or UE#2. In this case, search space mode B is better.

[bookmark: _Ref430957304]Figure 5 Example of timing relationship between MPDCCH and scheduled MPDSCH
Conclusion
In the contribution, we present our thoughts on the search space of MPDCCH. We make the following proposals:
[bookmark: _GoBack]Proposal 1: Candidate of aggregation level 24 is the only candidate for search space in mode B.
Proposal 2: CE mode A or B is configured to USS per CE level.
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