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Introduction
In RAN1 #82bis meeting, we have following agreements on common search space.
Agreement:
· The repetition R of the MPDCCH is indicated by 2-bit in the DCI
· From UE perspective, the following SSs are supported:
· 1: CSS for paging
· [bookmark: OLE_LINK683][bookmark: OLE_LINK684][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK57][bookmark: OLE_LINK58]2: CSS for random access response (message 2) for each PRACH repetition level. 
· [bookmark: OLE_LINK34][bookmark: OLE_LINK35][bookmark: OLE_LINK36][bookmark: OLE_LINK37]Note: the 1st CSS and the 2nd CSS are separately configured
· [bookmark: OLE_LINK681][bookmark: OLE_LINK682][bookmark: OLE_LINK63][bookmark: OLE_LINK64][bookmark: OLE_LINK646][bookmark: OLE_LINK647][bookmark: OLE_LINK648][bookmark: OLE_LINK33]3: SS for Msg 3 retransmission, PDSCH with contention resolution, and PDSCH with RRCConnectionSetup are the same
· FFS whether the 2nd CSS for RAR is same as the 3rd SS 
· FFS: Whether UE continues to monitor the 2nd CSS and/or 3rd SS for random access after reception of PDSCH with RRCConnectionSetup
· [bookmark: OLE_LINK658][bookmark: OLE_LINK659][bookmark: OLE_LINK660]FFS: Whether other SS is additionally defined or can reuse USS for other common control signalling (e.g. for DCI 3/3A), if supported
· For CSS, the DMRS sequence initialization (c_init) is based on PCID
· LC/CE UE does not support CRS-based M-PDCCH demodulation in Rel-13
· Do not support CRS+DMRS based M-PDCCH demodulation
· 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

The contribution discusses the FFS aspects of the common search space (CSS) design for MTC UEs.
Discussion
[bookmark: OLE_LINK28][bookmark: OLE_LINK29][bookmark: OLE_LINK30][bookmark: OLE_LINK43][bookmark: OLE_LINK258][bookmark: OLE_LINK259]Based previous agreement, CSS is used monitoring:
· Paging 
· RAR
The other two possible use cases of CSS are: 
· [bookmark: OLE_LINK685][bookmark: OLE_LINK686]SS for Msg 3 retransmission, PDSCH with contention resolution, and PDSCH with RRCConnectionSetup
· SS for bundled TPC commands carried by DCI format 3/3A

SS for Msg 3 retransmission, PDSCH with contention resolution, and PDSCH with RRCConnectionSetup 
For M-PDCCH scheduling retransmission of Msg3, the following options are identified in the last RAN1 meeting:
· Option 1A: CSS for MPDCCH for RAR and CSS for MPDCCH for "Msg 3 retransmission, contention resolution, and PDSCH with RRCConnectionSetup" can be different. RAR indicates one CSS/NB.
· Option 1B: CSS for MPDCCH for RAR and CSS for MPDCCH for "Msg 3 retransmission, contention resolution, and PDSCH with RRCConnectionSetup" can be different.  RAR indicates one NB for each grant of Msg3.
· Option 2: CSS for MPDCCH for RAR, Msg 3 retransmission, contention resolution, and PDSCH with RRCConnectionSetup" are same. There are multiple CSS corresponding to different preamble sets in one level.
[bookmark: OLE_LINK431]As the procedure illustrated in Figure 1[1], there are three cases of Message 3 reception. No detection of Message 3 may be caused by case 2 (Msg 3 detection failure) or case 3 (RAR detection failure). When no detection happens, eNB decides it as case 2 or 3 depending its implementation and UE doesn’t know eNB’s decision before decoding. Since case 1, 2 and 3 are all possible, eMTC UE is not aware which message will come, MPDCCH granting Message 4, Message 3 retransmission or RAR retransmission. Therefore, the 3rd SS should be same as CSS for RAR to avoid missing any of the three cases.
Followings had been agreed in RAN1#82:
· If CSS is necessary, 
· Different UEs can monitor M-PDCCH CSS in different narrowbands and in different subframes
· FFS whether or not to support more than one decoding candidate of the CSS in a narrowband. If it is supported, FFS for UEs monitoring the same narrowband, whether or not the UEs may monitor different decoding candidates of the CSS in the narrowband
To avoid the receiving unnecessary repetitions for eMTC UEs in lower CE level, MAC RARs corresponding to UEs in the same CE level are preferred to be involved in the same RAR. Accordingly, the MPDCCHs granting RAR are transmitted per CE level. To release the traffic congestion in one NB, the CSS for RAR corresponding to different CE levels can be mapped to different NBs.
Proposal 1: CSS for MPDCCH for RAR, Msg 3 retransmission, contention resolution, and PDSCH with RRCConnectionSetup are same. There can be multiple CSS corresponding to different preamble sets in one level.

In case of narrow bandwidth system, MPDCCHs for different CE levels may be mapped to same NB. In this situation, to share the search space among these MPDCCHs is useful to utilize the resource usage more efficient. To differentiate the MPDCCHs for different each CE levels, we propose CE-level-specific RNTI is used for MPDCCH for RAR in the CSS in one NB. 
[bookmark: OLE_LINK423][bookmark: OLE_LINK424][bookmark: OLE_LINK425][bookmark: OLE_LINK426][bookmark: OLE_LINK421][bookmark: OLE_LINK422]Proposal 2: CE-level-specific RNTI is used for the MPDCCH scheduling RARs corresponding to different CE levels in the CSS for RAR to allow the operation to share narrowband among different CE levels.
[image: ]
[bookmark: _Ref433737023][bookmark: OLE_LINK26]Figure 1 Three cases of message 3 reception

[bookmark: OLE_LINK61][bookmark: OLE_LINK62][bookmark: OLE_LINK65]SS for TPC commands carried by DCI format 3/3A
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK4][bookmark: OLE_LINK53][bookmark: OLE_LINK66][bookmark: OLE_LINK49][bookmark: OLE_LINK50][bookmark: OLE_LINK51][bookmark: OLE_LINK52][bookmark: OLE_LINK69][bookmark: OLE_LINK70][bookmark: OLE_LINK67][bookmark: OLE_LINK68][bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK19]DCI format 3/3A is used for TPC commands for PUCCH and PUSCH in SPS transmission. In Rel-13 eMTC, SPS can be applied at least in no/small repetition case. DCI format 3/3A carrying bundled TPC commands need to be transmitted in CE mode A. In order to support a group of UEs can receive the same DCI, DCI format 3/3A needs to be transmitted in CSS. 
[bookmark: OLE_LINK71][bookmark: OLE_LINK72][bookmark: OLE_LINK78][bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK23]For Rel-13 eMTC UEs, when RRC connection is setup, both USS and CSS for DCI format 3/3A are monitored. There are two options of the resource allocation for USS and the CSS.
Opt.1: USS and the CSS are TDMed and they can be in different NBs.
[bookmark: OLE_LINK79][bookmark: OLE_LINK80][bookmark: OLE_LINK81][bookmark: OLE_LINK90]Opt.2: USS and the CSS are always in the same NB.
[bookmark: OLE_LINK100][bookmark: OLE_LINK101][bookmark: OLE_LINK91][bookmark: OLE_LINK92]Opt.1 would be complicated for eNB and UE to handle the timing of the CSS and USSs of a group of UEs. It will increase UE’s awake-up time to monitor the CSS. Therefore, Opt.2 is preferable. Also, it is similar as legacy CSS and USS in sharing the same resource region.
[bookmark: OLE_LINK102][bookmark: OLE_LINK103][bookmark: OLE_LINK104][bookmark: OLE_LINK105][bookmark: OLE_LINK106][bookmark: OLE_LINK107][bookmark: OLE_LINK108]In time domain, the CSS and USS are aligned to minimize the awake-up time of UE which is illustrated in Figure 2.
In frequency domain, the CSS for DCI format 3/3A can be mapped on the subset of candidates configured for USS to avoid the possible ECCE collision. An example of supported candidates of the CSS is Table 1. 
Overall, the CSS for DCI format 3/3A is same as USS from UE’s perspective with some restricted aggregation levels supported.
Table 1 Example of MPDCCH candidates for CSS for DCI format 3/3A
	L
(Aggregation level)
	Number of candidates in {2 PRB-set, 4 PRB-set, combination of 2 and 4 PRB-set}

	8
	1, 0, 0

	16
	0, 1, 0

	24
	0, 0, 1



[bookmark: OLE_LINK427][bookmark: OLE_LINK428][bookmark: OLE_LINK130][bookmark: OLE_LINK131][bookmark: OLE_LINK429][bookmark: OLE_LINK430][bookmark: OLE_LINK419][bookmark: OLE_LINK420][bookmark: OLE_LINK432][bookmark: OLE_LINK433][bookmark: OLE_LINK417][bookmark: OLE_LINK418]Proposal 3: DCI format 3/3A is transmitted in the CSS which sharing the same candidates in time domain as USS and supporting only AL 8, 16 and 24 in frequency domain.  

[bookmark: OLE_LINK97][bookmark: OLE_LINK98][bookmark: OLE_LINK99][image: ]
[bookmark: _Ref433824889]Figure 2 Timing of USS and 4th CSS


Conclusion
In the contribution, we present our thoughts on the common search space of MPDCCH. We make the following proposals:
Proposal 1: CSS for MPDCCH for RAR, Msg 3 retransmission, contention resolution, and PDSCH with RRCConnectionSetup are same. There can be multiple CSS corresponding to different preamble sets in one level.
Proposal 2: CE-level-specific RNTI is used for the MPDCCH scheduling RARs corresponding to different CE levels in the CSS for RAR to allow the operation to share narrowband among different CE levels.
Proposal 3: DCI format 3/3A is transmitted in the CSS which sharing the same candidates as USS in time domain and supporting only AL 8, 16 and 24 in frequency domain.  
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