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Introduction
In Rel-13, a LC/CE MTC UE monitors one or more search spaces on one or more narrowbands:
· [bookmark: _GoBack]Type0-MPDCCH common search space (Only for ModeA) that can be used for TPC command, “PDCCH order” to initiate random access procedure and fall back for unicast PDSCH/PUSCH
· Type1-MPDCCH common search space used for scheduling the Paging transmission
· Type2-MPDCCH common search space used for scheduling RAR, Msg3 retransmission and Msg4
· MPDCCH UE-specific search space (USS) used for scheduling unicast PDSCH and PUSCH transmissions.
A LC/CE UE is not required to simultaneously monitor MPDCCH USS and Type1-MPDCCH common search space, and MPDCCH USS and Type2-MPDCCH common search space.
The starting subframes for Type1-MPDCCH common search space is determined from locations of paging opportunity subframes. 
The starting subframe(s) for Type2-MPDCCH common search space is explicitly indicated in MTC-SIB using 3-bits.
The starting subframe(s) for MPDCCH USS and Type0-MPDCCH common search space is higher layer configured via RRC using 3-bits.
In this contribution, we discuss the details of the starting subframes for MPDCCH USS, Type0-MPDCCH CSS and Type1-MPDCCH CSS for Rel-13 MTC.

Starting subframes for USS search space
In the last RAN1 meeting, three options were discussed for the structure of the M-PDCCH USS as shown on Figure 1 below. Option 2 was agreed where the periodicity of starting subframes of USS can be longer than the maximum number of the repetition (Rmax) [2].   
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) 




                  Figure 1. Starting subframes of UE Specific Search space.

Further agreement from RAN1 is as follows:
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

From the above agreements, it is clear that there is a periodicity that needs to be specified and signaled to each UE about M-PDCCH USS search space. RAN1 recommended RAN2 to specify the signaling, but, there is no LS sent to RAN2 except the RRC parameters. In addition, the higher layer signaling parameter mpdcch-StartSF-UESS-r13 for starting subframe for MPDCCH USS has been captured in RAN1 specifications, more specifically in TS 36.213. However, the details of possible values for starting subframes and their relation with system frame number (SFN) and subframe number has not been captured in any of the specifications.
The following description was captured in TS 36.213 section 9.1.5 [3]:










Locations of starting subframe  are determined from higher layer configured subframe , and are given by where is the th consecutive LC/CE DL subframe from , and , and , and , where
· 





For MPDCCH UE-specific search space, and Type0-common search space,  is given by the higher layer parameter mPDCCH-startSF-UESS, is given by higher layer parameter mPDCCH-NumRepetition, and ,, , are given in Table 9.1.5-3.
In order to understand the above description, we give some examples as shown in Figure 2 and 3 below where different periodicities of the starting subframes T, Rmax =8 and some valid subframes (v) are considered. 
[image: ]
  Figure 2. Example of starting subframes with periodicity T=16, Rmax =8 and some valid subframes

[image: ]
  Figure 3. Example of starting subframes with periodicity T=32, Rmax =8 and some valid subframes
As the number of bits agreed for the signaling is limited to 3 bits (0 to 7), the open issue is how to utilize these number of bits to define a set of periodicity for M-PDCCH search space. Three options are described as follows:
Option 1: To reuse the candidate set of R {1, 2, 4, 8, 16, 32, 64, 128, 256} already defined M-PDCCH repetitions excluding the first element. This means that a UE can be configured one of eight possible periodicities T {2, 4, 8, 16, 32, 64, 128, 256} provided that T is not less than the actual subframe duration of Rmax. For example, if Rmax = 8 for a UE and there are five invalid subframes, then the periodicity should be increased at least to 16 as shown on Figure 2. 
One issue will be when the periodicity equals 256 and Rmax = 256, and there are some invalid subframes in the system, there is no a higher number than 256 that can be configured. Therefore, in order to accommodate the invalid subframes when the periodicity equals 256 it may be better to replace 256 with 512. The drawback is that when the ratio of DL valid subframes are less than half, the configuration of T=512 does not have room for all repetitions when Rmax = 256.



For this option, the starting subframe for a UE to monitor the M-PDCCH search space should satisfy as , where T {2, 4, 8, 16, 32, 64, 128, 512} and the index of the chosen element is given by the higher layer parameter mPDCCH-startSF-UESS. is system frame number (SFN) and  corresponds to subframe number.
For the case Rmax = 1, there is no need to configure a starting subframe periodicity for MPDCCH, since UE can assume to monitor every valid downlink subframe for MPDCCH search space.
Option 2: To apply the UE specific parameter of Rmax and the higher layer parameter mPDCCH-startSF-UESS. In this case the values of mPDCCH-startSF-UESS can be set to {0, 1, 2, 3, 4, 5, 6, 7} and one value is configured to the UE. Then for each UE, the M-PDCCH periodicity T can be defined as Rmax*(mPDCCH-startSF-UESS+1).


For this option, the starting subframe for a UE to monitor the M-PDCCH search space should satisfy as , where T=Rmax*(mPDCCH-startSF-UESS+1) and Rmax {1, 2, 4, 8, 16, 32, 64, 128, 256}. However, drawback is that not all periodicities T are starting on the same subframe as some T values are not factors of 10240 (SFN 1024 x 10 subframes). In addition, the condition  will allow some periodicities T to start in the middle of repetition during wrapping around of the SFN counter (i.e. reaching its maximum value of 1024). This can be avoided by specifying not to allow a new periodicity to start in the middle of ongoing repetition for the UE.
Option 3: To improve Option 2, we have to ensure the periodicity T is a sub-multiple of 10240 which means we should avoid anything that contains factors other than 2 and 5. So, based on this we can define a list of factors as G {1, 2, 4, 5, 8, 10, 16, 20} and the index of the chosen element is given by the higher layer parameter mPDCCH-startSF-UESS. 

Therefore, the starting subframe for a UE to monitor the M-PDCCH search space should satisfy as, where T=Rmax*G, G {1, 2, 4, 5, 8, 10, 16, 20} and the index of the chosen element is given by the higher layer parameter mPDCCH-startSF-UESS, and Rmax {1, 2, 4, 8, 16, 32, 64, 128, 256}. 

It should be noted that different UEs with same or different starting subframe periodicities can monitor on the same search space.
Furthermore, similar signaling method for starting subframe periodicities should be defined for other search spaces of Type0-MPDCCH CSS and Type1-MPDCCH CSS.

Proposal 1: Capture the higher layer signaling of starting subframes for MPDCCH USS and Type0-MPDCCH CSS in TS 36.213 as follows: 
· 

For MPDCCH UE-specific search space, and Type0-MPDCCH common search space,  is given by , where 
· Option1: T {2, 4, 8, 16, 32, 64, 128, 512} and the index of one element is given by the higher layer parameter mPDCCH-startSF-UESS.
· Option3: T=Rmax*G, G {1, 2, 4, 5, 8, 10, 20, 40} and the index of one element is given by the higher layer parameter mPDCCH-startSF-UESS.

Proposal 2: Define same signaling method for Type1-MPDCCH CSS by replacing mPDCCH-startSF-UESS with mpdcch-startSF-CSS-RA-r13.


Conclusion
In this contribution, we have discussed the starting subframe periodicity for MPDCCH search spaces. We have the following proposals:

Proposal 1: Capture the higher layer signaling of starting subframes for MPDCCH USS and Type0-MPDCCH CSS in TS 36.213 as follows: 
· 

For MPDCCH UE-specific search space, and Type0-MPDCCH common search space,  is given by , where 
· Option1: T {2, 4, 8, 16, 32, 64, 128, 512} and the index of one element is given by the higher layer parameter mPDCCH-startSF-UESS.
· Option3: T=Rmax*G, G {1, 2, 4, 5, 8, 10, 16, 20} and the index of one element is given by the higher layer parameter mPDCCH-startSF-UESS.
Proposal 2: Define same signaling method for Type1-MPDCCH CSS by replacing mPDCCH-startSF-UESS with mpdcch-startSF-CSS-RA-r13.
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