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1. Introduction
For the MTC UE in coverage extension, there was discussion at RAN1#75 of whether to use the same UE-specific search space PDCCH candidate m (including the same aggregation level) in each repetition, with a similar principle for EPDCCH [1], [2]. This contribution considers some options.
2.
Discussion
In coverage extension (CE) for MTC devices, TR 36.888 reports that 100-200 repetitions are needed at aggregation level (AL) 8 for DCI format 1A. If the eNB can freely change which (E)PDCCH candidate is used in each subframe for the repetition, the blind search requirement at the UE grows exponentially with the repetition number – a clearly unacceptable outcome. Therefore, some restrictions are needed on the (E)PDCCH candidates that the UE is expected to monitor per subframe of repetition. In particular, if there is more than one candidate to monitor per repetition subframe, the complexity becomes prohibitively high for more than a very small number of repetitions, such as would be insufficient to provide the coverage extension target of +9.6 dB (for PDCCH).

Proposal 1: The MTC CE UE monitors only one (E)PDCCH candidate per RNTI in each repetition subframe. 
2.1
Which (E)PDCCH candidate to monitor?
The basic options for (E)PDCCH candidate monitoring (per RNTI) seem to be:
1. Use exactly the same (E)PDCCH candidate at the same AL in each subframe of the repetition.
2. Can use a different (E)PDCCH candidate in different subframes of the repetition, but always the same AL.
3. Can use a different (E)PDCCH candidate and/or a different AL in different subframes of the repetition.

In either case, the UE needs to know which candidate of which aggregation level it is required to monitor in which subframe, although this might not change in every subframe. As a baseline in coverage extension, it seems reasonable to expect that PDCCH AL8 will routinely be needed to approach the MCL targets within a feasible number of repetitions. The same baseline could be assumed for EPDCCH, or AL16 could be assumed owing to the few dB of performance gap going to EPDCCH.
For UE-SS PDCCHs, the one (E)PDCCH candidate at the fixed AL could be configurable by higher layers or it could be pre-defined, e.g. in specifications. For CSS PDCCHs, which may need to be decoded when the UE has no valid RRC configuration, the one (E)PDCCH candidate would need to be pre-defined. To have some commonality between the types of search space, it seems simplest to conclude that the one (E)PDCCH candidate is pre-defined.

Proposal 2: The MTC CE UE uses per-RNTI a specified (E)PDCCH candidate at a fixed AL during repetition of an (E)PDCCH. FFS on the fixed ALs and exact candidates.
2.1.1

UE-specific search space RNTIs

In general, the restriction of which (E)PDCCH candidates are used is transparent to UEs which do not have this behavior, except in time/frequency diversity terms. It is beneficial to preserve some PDCCH flexibility in UE-SS in order to avoid increasing PDCCH blocking probability impacts on legacy and non-coverage extension UEs as far as possible, and to retain some time/frequency diversity potential. Therefore, RRC configuration could semi-statically change which PDCCH candidate (per RNTI) the UE is to monitor.
However, the degree of flexibility impacts the size of the RRC message which must be sent (presumably with repetition) to configure the UE. Although signaling design is a RAN2 matter, it is therefore useful for RAN1 to give RAN2 clear guidance as to the degree of flexibility needed to operate the physical layer suitably.
We suggest a simple balance is to allow the eNB to optionally configure the UE to monitor an additional (E)PDCCH candidate from a possibly different AL to the fixed AL, with an indication of which one of the total two candidates to monitor per subframe. This allows the eNB to use a high fixed AL8, to minimize the number of repetitions, but also to occasionally use a lower AL, e.g. AL1, to decrease blocking probability overall. The eNB could use such a configuration to have the two candidate-AL pairs to be identical if it wished, or to allow two candidates in the same fixed AL, but in different subframes. The default value for this configuration can be that there is no additional (E)PDCCH candidate, i.e. the same candidate is used in all subframes.
Proposal 3:

Per UE-SS RNTI, higher layers can configure the MTC CE UE with one additional (E)PDCCH candidate from any AL.
a) Higher layers configure semi-statically which one of the (E)PDCCH candidates is monitored per subframe. FFS how often the candidate can change.

b) The additional candidate can be from the fixed AL or a different AL.

c) If the two ALs are the same, the (E)PDCCH candidates can be different or the same.
2.1.2

Common search space RNTIs
Some CSS RNTIs can be received when the UE has a valid RRC configuration, i.e. RA-RNTI and TPC-PUxCH RNTIs. If the eNB is sending a RAR or TPC command only to non-CE UEs, then there is no need to follow the expectations of a CE UE, since CE UEs will simply safely fail to decode the relevant PDCCH that is not in the PDCCH candidate(s) the CE UEs are monitoring. This is an implementation matter. Other CSS RNTIs need to be received by all UEs without an RRC connection, namely SI-RNTI, and P-RNTI. We could allow an additional configurable (E)PDCCH candidate for CSS RNTIs received while all UEs to which they are addressed have a valid RRC configuration, but this seems like a rather complex matter for the eNB to resolve, so we propose not to do this.
3.
Conclusions
In this contribution, we considered the blind search complexity of (E)PDCCH reception for the coverage extension (CE) UE. If the eNB can freely change which (E)PDCCH candidate is used in each subframe for the repetition, the blind search requirement at the UE grows exponentially with the repetition number. Therefore, some restrictions are needed on the (E)PDCCH candidates that the UE is expected to monitor per subframe of repetition. We make the following proposals:
1. The MTC CE UE monitors only one (E)PDCCH candidate per-RNTI in each repetition subframe of a given PDCCH.

2. The MTC CE UE uses per-RNTI a specified (E)PDCCH candidate at a fixed AL during repetition of an (E)PDCCH. FFS on the fixed ALs and exact candidates.
3. Per UE-SS RNTI, higher layers can configure the MTC CE UE with one additional (E)PDCCH candidate from any AL.

a) Higher layers configure semi-statically which one of the (E)PDCCH candidates is monitored per subframe. FFS how often the candidate can change.
b) The additional candidate can be from the fixed AL or a different AL.

c) If the two ALs are the same, the (E)PDCCH candidates can be different or the same.
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