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1 Introduction
M-PDCCH search space design related agreements achieved at RAN1#82bis include:
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

· 2: CSS for random access response (message 2) for each PRACH repetition level. 

· Note: the 1st CSS and the 2nd CSS are separately configured

· 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

· 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
This contribution proceeds to discuss some remaining details including some issues listed for email discussion. 
2 M-PDCCH cell-specific search space (CSS) for paging

RAN2 agreed that the M-PDCCH repetition pattern in both time and frequency domain is determined irrespective of the UEs coverage extension level [1]. The narrowband(s) for P_CSS (CSS for paging), i.e., frequency domain resources, can be configured by eNB and it is up to eNB to configure one or more narrowbands. The RAN2 agreement implies the resources for different CE levels are nested with the same starting subframes within each of configured narrowbands (NB M and NB N) independent of the CE level as illustrated in Fig. 1. Nested resource allocations for different CE levels makes UE correctly decoding P_CSS still possible when the CE level eNB is transmitting in does not match the one UE was assuming. More details can refer to [3]. 
The positions of the starting subframes depend on cell-specific configurations for paging including the length of the paging cycle in the case of CE, the number of repetitions for the largest CE level. As in Fig. 1 there are three paging occasions in the paging cycle within each of the configured narrowbands and the starting of the occasion in time domain is dimensioned by the number of repetitions for the largest CE level. The time-frequency resources pattern as in Fig. 1 is cell-specific, but the narrowband and the occasion within the narrowband for a specific UE is derived from at least UE ID (one occasion per cycle) as analyzed in [4]. Therefore, from UE perspective, UEs may monitor P_CSS in different narrowbands if eNB configures more than one. In addition, within the same narrowband one or a group of UEs may monitor the same starting subframe for P_CSS occasion and other UEs may monitor a different one. However, there is no need to define a group search space and UEs waiting for paging can find the correct P_CSS occasion according to the cell-specific time-frequency resources pattern as in Fig. 1 and UE ID. 
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Fig. 1: Time-frequency resource pattern for P_CSS 

The nested resources for different CE levels within a narrowband construct for example three candidates (assuming one candidate corresponds to a CE level) in Fig. 1. UE monitors all of the three candidates for paging in case that UE is unaware of the exact CE level by which eNB is transmitting paging although the CN has stored the one UE originally reports but UE doesn’t update it after moving. Note that for the RAN1 agreement that “For an M-PDCCH CSS for a UE in coverage enhancement, M-PDCCH candidates with different R (number of repetitions) is supported”, but how to monitor these three candidates is up to UE implementation. For example, assuming different R values correspond to different CE levels, UE can start from the candidate for level 1, or level 3, or the CE level the UE expects the CN to have stored, or the level the UE is currently in. 

CSS for paging is separately configured from CSS for RAR. As for number of PRBs and aggregation level for the candidates of P_CSS, the largest allowable aggregation level (24 ECCE for 6 PRBs for FDD) will be naturally used. Note that in TDD configured with normal CP systems the largest allowable aggregation level in special subframes of the special subframe configuration 1/2/6/7/9 is 12 rather than 24 ECCE. Regarding antenna port, it needs to be a fixed one of {107, 108, 109, 110} for normal CP and one of {107, 108} for extended CP. Therefore, 107 could be chosen for both cases. 
Proposal 1: CSS for paging (P_CSS) supports more than one candidate within one narrowband, and candidates corresponding to different CE levels are nested in time domain with the same starting subframes. 

· It is up to eNB to configure one or more than one narrowband for P_CSS for paging. 

· The starting subframes for the nested resources for P_CSS candidates are cell-specific and independent of the CE level. 

· The narrowband and the starting subframe of a UE-specific occasion UE will monitor P_CSS are derived from at least UE ID. 

3 M-PDCCH UE-specific search space (USS)

Unlike P_CSS for which the starting subframes are subject to configurations for paging occasions, there is no restriction theoretically to the subset of subframes which can be the starting subframes for M-PDCCH USS. However, it is impossible for UEs in CE mode B to monitor USS start from any subframe for the sake of power saving. Therefore, there must exist a pattern defining a set of consecutive subframes beginning from a specific starting subframe for USS. From eNB perspective, it is beneficial to define configurable cell-specific patterns corresponding to different CE levels as in Fig. 2, where USS for different CE levels is time-domain resource nested with the same starting subframes assuming there is a single R (number of repetitions) for each of CE level that is configured per cell. This design has taken into account the previous agreements and the benefits of adaptive adjustment of CE level [3]. 

It was agreed that the repetition level for PDSCH/PUSCH is dynamically indicated based on a set of values configured according the CE mode of the UE. If the repetition level for M-PDCCH can be dynamically changed, eNB has no need to reconfigure the CE level for M-PDCCH nor for PDSCH/PUSCH by higher layers signalling after initial access if CE levels changed. As shown in Fig. 2 if eNB transmits M-PDCCH in Level 2 or Level 3, UE can still receive M-PDCCH if the UE needs Level 1 at that moment. If eNB always receives feedback of ACK from UE, eNB can try to use Level 2 (if it was Level 3) or even Level 1 next time, and vice verse. More about adaptive adjustment of CE level can refer to [3]. 
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Fig. 2: Starting subframes for M-PDCCH USS

From UE perspective, there could be multiple candidates that have an offset to the cell-specific starting subframes within the same narrowband as shown in Fig. 2. For example, three candidates (for each CE level) beginning at T1 are shown in the figure, where candidate 2 is after the end of candidate 1 of Level 1 and candidate 3 is after the end of candidate 2 of Level 1. If eNB transmits a DCI for downlink and the other for uplink to a UE which are both using CE level 1, the DCI for downlink can be in candidate 1 at T1 and the DCI for uplink can be in candidate 2. For another example, eNB transmits a DCI in Level 1 at T1 to UE1, so the DCI to UE2 (if there is one) in Level 2 can be in candidate 2 for Level 2 at T1. Hence, the starting subframes setting as shown in Fig. 2 decreases the time of UEs acquiring DCIs, although it would increase the number of UE blind decoding attempts. Otherwise, USS candidate in terms of the starting subframes (one of three candidates shown in Fig. 2) can be configured UE-specifically if amount of blind decoding is a concern. In addition, USS candidates in terms of aggregation level L and the ECCE indices are configurable per UE [5]. 

It was proposed in [6] that eNB notifies in SIB all available narrowbands for common messages (or CSS) and unicast (or USS). Within each of available narrowbands for USS, the cell specific time-domain resources pattern for USS is the same as in Fig. 2. However, the narrowband for a specific UE to monitor USS is configurable by UE dedicated signalling. 

UE can be configured with 2 or 4 PRBs per agreements, the combination of {L, R} might be dependent on the configured number of PRBs. If UE is configured monitoring the candidate of 24 ECCE, two set of configuration with either localized or distributed for both will be configured. The DMRS scrambling sequence initialization should be the same for the two sets. Moreover, the associated antenna port is dependent on the subframe on which UE monitoring EPDCCH for legacy UEs. For eMTC monitoring M-PDCCH which spans more than one subframe at least for CE mode B, the antenna port needs to be fixed for the M-PDCCH candidates which spans multiple subframes and can refer to the antenna port determined at the starting subframe. 
Proposal 2: All available narrowbands for transmitting USS and the time-domain nested resources for different CE levels with the same starting subframes within the same narrowband are cell-specific and configured by eNB.

· The narrowband and on which USS candidates in terms of aggregation level and ECCE indices is/are monitored by a specific UE is UE-specific and configured by UE dedicated signalling. 
4 Conclusions

This contribution discusses CSS for paging and USS and identifies what are configured as cell-specific and what are configured as UE-specific, which leads to the following proposals:

Proposal 1: CSS for paging (P_CSS) supports more than one candidate within one narrowband, and candidates corresponding to different CE levels are nested in time domain with the same starting subframes. 

· It is up to eNB to configure one or more than one narrowband for P_CSS for paging. 

· The starting subframes for the nested resources for P_CSS candidates are cell-specific and independent of the CE level. 

· The narrowband and the starting subframe of a UE-specific occasion UE will monitor P_CSS are derived from at least UE ID. 

Proposal 2: All available narrowbands for transmitting USS and the time-domain nested resources for different CE levels with the same starting subframes within the same narrowband are cell-specific and configured by eNB.

· The narrowband and on which USS candidates in terms of aggregation level and ECCE indices is/are monitored by a specific UE is UE-specific and configured by UE dedicated signalling. 

5 References
[1] RAN2#91 meeting report, Beijing, China, Aug. 24-28, 2015. 

[2] Chairman’s Notes in RAN1#81, Fukuoka, Japan, May 25-29, 2015.

[3] R1-155670, “On repetition level adjustment after initial access,” Huawei, HiSilicon, RAN1#82bis, Malmo, Sweden, Oct. 5-9, 2015.

[4] R1-155106, “Considerations on supporting efficient paging transmission for MTC UEs,” Huawei, HiSilicon, RAN1#82bis, Malmo, Sweden, Oct. 5-9, 2015.

[5] R1-153753, “Considerations on blind decoding for MTC UEs,” Huawei, HiSilicon, RAN1#82, Beijing, China, Aug. 24-28, 2015.

[6] R1-154611, “On frequency hopping relations between channels,” Huawei, HiSilicon, RAN1#82, Beijing, China, Aug. 24-28, 2015. 

_1234567890.vsd
Paging cycle


Starting subframe


Starting subframe


Starting subframe


t


f


Level 1


Level 3


Level 2


Level 1


Level 1


Level 2


Level 2


Level 3


Level 3


NB M


PO1


PO2


PO3


NB N



_1234567891.vsd
Starting subframe


Starting subframe


Starting subframe


t


f


Level 1


Level 3


Level 2


Level 1


Level 1


Level 2


Level 2


Level 3


Level 3


narrowband


narrowband


narrowband


Candidate 1 at T1


Candidate 2


Candidate 3


Candidate 3


Candidate 2


Candidate 1 at T2


Candidate 1 at T3



