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1 Introduction

In RAN1#75, it has been agreed that repetition of (E-)PDCCH across multiple sub-frames is supported for UEs in enhanced coverage mode of low cost MTC. The agreements are as follows:
Agreements:
· For UEs in enhanced coverage mode for MTC
· For UE-specific search space, 
· (E)PDCCH to schedule PDSCH is supported.
· Repetition of (E)PDCCH with multiple levels is supported. 
· From the UE perspective, the possible starting sub-frames of (E)PDCCH repetitions are limited to a subset of sub-frames. 
· For UEs in enhanced coverage mode for MTC, if/when PDSCH is indicated via (E)PDCCH:

· The relation of PDSCH timing to (E)PDCCH timing shall be known to UE and shall not be configurable by higher layer parameter dedicated only for this purpose and shall not be indicated by (E)PDCCH. FFS on how to derive it or fixed by spec.
· Assigned PDSCH is transmitted not before end of (E)PDCCH, i.e., if subframe n is the last (E)PDCCH repetition then PDSCH start n + k (k > 0)
In this contribution, we discuss some details of the (E)PDCCH relating USS and CSS search space design for enhanced coverage of low cost MTC UEs and provide some proposals at the end.

2 UE Specific search space for MTC
In RAN1#75, repetition in time domain has been agreed for (E-)PDCCH for low cost MTC UEs in coverage enhanced mode. This means that UE has to combine (E-)PDCCH repetitions across multiple subframes in time domain. In order UE to do that, UE has to know the location of CCEs from the search space in each subframe as well as the start and end of subframes carrying the repetition of the (E-)PDCCH.

As discussed in the last meeting [5] and email discussion after the meeting, one possible way to determine the location of CCEs from the UE specific search space (USS) is to use the same legacy PDCCH candidates “m” in Table 9.1.1-1 (TS 36.213 section 9.1) with same aggregation level in each repetition, so that UE can combine each candidate with the same candidate from the repeated subframes. For example aggregation level 8, there are two candidates based on existing Table 9.1.1-1, MTC UE can combine each candidate from each repeated subframe, and when it reaches the final repetition subframe, it tries to decode blindly these candidates similar to Release-8 (e.g. DL/UL DCI formats). For E-PDCCH USS, the same principle as PDCCH can be applied.  
Furthermore, the timing of (E-)PDCCH to PDSCH has been agreed in the last meeting which states that if subframe n is the last (E-)PDCCH repetition then PDSCH start n + k (k > 0). We think that the parameter “k” should be decided in such a way that the complexity of the scheduling decisions are minimised, for example k = 1. 
Proposal 1: agree to determine the location of CCEs from the USS by using the same legacy (E-)PDCCH candidates “m” with same aggregation level in each repetition, so that UE can combine them respectively.
3 Common search space for MTC
Common search space in PDCCH: common information such as SIB, RACH message 2/4 and PCH for MTC UEs can be sent on legacy common search space (CSS). However, as PDCCH for low cost MTC would be repeated in multiple subframes before trying the actual decoding of the PDCCH, the legacy UE may be confused or decode mistakenly the individual repeated PDCCH in those subframes where there is no corresponding PDSCH carrying common control information. So, there are different possible solutions as follows:
· One way to avoid the legacy UE to decode repeated PDCCH is to use aggregation level 16 (AL16) for low cost MTC. However, this AL16 will consume the whole CSS space, meaning that there will not be any remaining CCEs for eNB to schedule some other important control information. Therefore, this solution causes blocking of CSS in number of consecutive subframes. So, it is not efficient solution.
· Another way is to apply a specific scrambling on PDCCH that is intended solely for low cost MTC. This kind of scrambling could be a new RNTI (i.e. MTC-RNTI). However, based on this solution, there is still concern that MTC UEs may consume a lot of resources which may cause blocking of CSS in number of consecutive subframes.
Common search space in EPDCCH: Another solution is to design an enhanced CSS (ECSS) in EPDCCH for low cost MTC as shown on Figure 1. While this solution solves the above issue, it also provides additional benefits of applying higher aggregation levels which will reduce the number of repetitions in time domain, power boosting, as well as interference coordination among cells. Some design principles for ECSS are:
· The resources for ECSS in EPDCCH can be signaled in PBCH.
· The ratematching parameters for ECSS can be determined as follows:
· Number of CRS ports, CRS-shift of non-MBSFN subframes used for ECSS can be acquired from PBCH. 
· MBSFN subframes used for ECSS can be added in PBCH.
· eNB can avoid placing ECSS on subframe(s) that contains CSI-RS
· Starting symbol for ECSS can be always fixed to 4th and 3rd OFDM symbol for non-MBSFN and MBSFN subframes respectively.
· Antenna port numbers and their initialization parameters (e.g. 
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     Figure 1. Non-MBSFN and MBSFN Subframes for ECSS in EPDCCH
Proposal 2: consider a solution of how to avoid the legacy UE to decode mistakenly the individual repeated PDCCH in subframes where there is no corresponding PDSCH carrying common control information. 

Proposal 3: consider to introduce enhanced CSS (ECSS) in EPDCCH for low cost MTC as it provides benefits of applying higher aggregation levels which will reduce the number of repetitions in time domain, power boosting as well as interference coordination among cells. 
Conclusion

In this contribution, we have discussed some details of the design of (E)PDCCH relating USS and CSS search spaces for enhanced coverage of low cost MTC UEs and we have the following proposals: 
Proposal 1: agree to determine the location of CCEs from the USS by using the same legacy (E-)PDCCH candidates “m” with same aggregation level in each repetition, so that UE can combine them respectively.
Proposal 2: consider a solution of how to avoid the legacy UE to decode mistakenly the individual repeated PDCCH in subframes where there is no corresponding PDSCH carrying common control information. 

Proposal 3: consider to introduce enhanced CSS (ECSS) in EPDCCH for low cost MTC as it provides benefits of applying higher aggregation levels which will reduce the number of repetitions in time domain, power boosting as well as interference coordination among cells. 

4 References

1) 3GPP TR 36.888 V12.0.0, “Study on provision of low-cost MTC UEs based on LTE (Release-12)”.

2) RP-130848, “New WI: Low cost & enhanced coverage MTC UE for LTE,” Vodafone, RAN#60, Oranjestad, Aruba.

3) R1-135267, “PDSCH and PUSCH coverage enhancements for low cost MTC”, NEC
4) R1-140416, “Frequency diversity transmission for enhanced coverage MTC”, NEC

5) R1-136001, “Way forward on PDCCH, PDSCH, PUCCH and PUSCH for MTC enhanced coverage”, Vodafone Group, et al.
PAGE  
1

_1423028206.unknown

