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1 Introduction
In RAN1 #75 meeting, it was agreed that

· 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,
· Repetition of PDSCH across multiple sub-frames is supported.

· Multiple repetition levels in time domain are specified.

· 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)

There are three problems should be solved for MTC (E)PDCCH transmission:

1. How to determine the stating subframe of MTC (E)PDCCH?

2. How to map one (E)PDCCH repetition in one subframe?

3. How to derive the timing relationship without signaling for this purpose?

In this contribution, we discuss these three problems and analyze potential solutions.
2 Discussion
Starting subframe of (E)PDCCH

In enhanced coverage mode, UEs should combine the (E)PDCCH repetitions and decode it. It is necessary for UE to know the exact starting subframe of its (E)PDCCH candidate. To simplify the detection, the starting subframe of (E)PDCCH repetitions are restricted to a subset of subframes.

Multiple repetition levels in time domain are specified for (E)PDCCH of enhanced coverage mode. Therefore, the resource mapping of each repetition level in time domain needs to be designed carefully. Or it may cause unnecessary resource blocking between PDCCHs with different aggregation levels. An example of resource blocking among repetition levels is illustrated in Fig.1 that starting subframe of each repetition level is not aligned. If one coverage enhanced (E)PDCCH with R2 repetitions are transmitted on the resource of 2nd (E)PDCCH repetition candidate, the resources of 1st and 2nd candidate with R3 repetitions are blocked. This issue could be relaxed by eNB scheduling but it will increase the complexity of scheduler and may cause resource fragmentation. It could mean a certain time/frequency resource can be only used for a certain repetition level only. 
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Fig.1 Illustration of resource blocking among repetition levels in time domain
To avoid above blocking problem, the starting subframe position of different repetition is aligned at the longer repetition period boundary. It is tree-like structure where the search space design of different aggregation levels in legacy PDCCH can be used in the resource mapping among repetition levels in time domain which is shown in Fig.2. The starting subframes of different repetition levels are aligned and each repetition candidate of lower repetition level only block the resource of one repetition candidate of higher repetition levels. This decreases the resource blocking probability in time domain. Thus, the starting subframes of different repetition levels need to satisfy some rule like 
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where 
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 is the starting subframe index of higher repetition level with bigger repetition number, 
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 is the starting subframe index of lower repetition level, and 
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is positive integer number. Another necessary character for efficient resource usage would be the number of repetition period is expressed as 2x subframes. Note x is integer.  Then tree like structure can be fully utilize the efficiency.
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Fig.2 Illustration of resource blocking among repetition levels in time domain
Proposal 1: Tree-like structure among repetition levels is used to map coverage enhanced (E)PDCCH repetitions in time domain. 
(E)PDCCH Resource mapping within one subframe 
In the last meeting, it hasn’t come to a conclusion whether to use the same PDCCH candidate m (including same aggregation level) in each repetition. Two aspects need to be clarified in this part:
1. Whether to use the same aggregation level in each repetition?
As aforementioned, MTC UEs should combine the (E)PDCCH repetitions to decode the control information. Different aggregation level for different repetition make the coherent combining in symbol level more complicated. As the channel variance is very slow for coverage enhanced UEs, the operation to each coherent combining should be provided as the specification. 
Proposal 2: Same aggregation level is used in each coverage enhanced (E)PDCCH repetition. 
2. Which resource is used during one repetition period?
Three methods can be envisaged as the mapping of one (E)PDCCH repetition. 

· Method 1: Using same (E)PDCCH candidate during one repetition

· Method 2: Using different (E)PDCCH candidates during one repetition

· Method 3: Using same (E)CCEs during one repetition

For either PDCCH or EPDCCH, the (E)CCEs that one (E)PDCCH candidate mapped on can be different among 10 subframes in a radio frame. The position is changed according to the Hash function. This is illustrated in Fig.3(a) in which we can see (E)CCE sets occupied by coverage enhanced (E)PDCCH#1 or #2 is different in different subframes. That also means even though using same or different candidate in each repetition (method 1&2), the mapped coverage enhanced (E)CCEs of different (E)PDCCH may collide and the collision situation in different subframes is different. Assuming that if one repetition within one repetition period is blocked by another (E)PDCCH, the whole repetition period is blocked so that the whole (E)PDCCH repetitions should be re-scheduled. But in Fig.3(b) we can see method 3 could guarantee two repetition will never collide in they don’t collide in the starting subframe. 
For method 1 and 2, in order to schedule one coverage enhanced (E)PDCCH, eNB needs to calculate the resource blocking in at least 10 adjacent subframes to avoid collision.. For method 3, eNB only needs to calculate the blocking situation in the starting subframe, the resource blocking between multiple coverage enhanced (E)PDCCHs in all the repetition subframes is known. Considering the scheduling complexity, method 3 is better.
Proposal 3: Same (E)CCEs are used in each repetition of one coverage enhanced (E)PDCCH repetition period. 
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(a) Resource mapping of method 1 and 2
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(b) Resource mapping of method 3
Fig.3 Blind decoding attempts while UE is not aware of starting subframe of (E)PDCCH
Based on method 3, in order to further randomize the blocking situation among repetition periods, the physical resource can be different repetition periods for one UE as shown in Fig.4. So we propose

Proposal 4: Different (E)CCEs are used among coverage enhanced (E)PDCCH repetition periods.  
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Fig.4 Blind decoding attempts while UE is not aware of starting subframe of (E)PDCCH
Furthermore, a modified Hash function can be used to determine the physical resource over one repetition period, which is only targeted to current UE-specific search space. For example, the CCEs corresponding to MTC PDCCH 
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Where L is the aggregation level, 
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 is the total number of CCEs in the control region. The variable 
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is the subframe index of the starting subframe within one SFN period, R is the repetition number, 16 is the CCE number of common search space.
By this method, the MTC PDCCH will be mapped onto the CCEs not used for common search space which is to avoid the resource blocking to common search space. Same principle can be used for EPDCCH. As whether and how to support coverage enhanced EPDCCH is not determined, we think the similar principle could be reused.
Proposal 5: Modified hash function is used for PDCCH repetition resource mapping.
Timing relationship between (E)PDCCH and scheduled PDSCH
In the last meeting, it is agreed that multiple repetition levels are supported for coverage enhanced PDSCH transmission. Thus, same principle as (E)PDCCH to map PDSCH repetitions in time domain can also be used. Taking a common subframe length as the basis length for each repetition level, for example 4 or 8, and interval between two adjacent starting subframes is integer multiple of 4 or 8 for each repetition level [2]. This method restricts the starting subframes in a subframe subset and makes the starting subframes of PDSCH repetitions for each repetition level aligned. 

It is also agreed that assigned PDSCH is transmitted not before end of (E)PDCCH in the last meeting. Considering the starting subframe restriction, the assigned PDSCH will start at the next available starting subframe of PDSCH with the certain repetition level. As there is processing time is available also for EPDCCH, the shortest timing relation between EPDCCH and PDSCH is next subframe.
Proposal 6: The assigned PDSCH starts at the next available starting subframe of PDSCH with the certain repetition level. It can be just next subframe.
3 Conclusion

This paper mainly discussed the (E)PDCCH coverage enhancement for low cost MTC. We have following proposals, 
Proposal 1: Tree-like structure among repetition levels is used to map coverage enhanced (E)PDCCH repetitions in time domain.
Proposal 2: Same aggregation level is used in each coverage enhanced (E)PDCCH repetition.
Proposal 3: Same (E)CCEs are used in each repetition of one coverage enhanced (E)PDCCH repetition period.
Proposal 4: Different (E)CCEs are used among coverage enhanced (E)PDCCH repetition periods. 
Proposal 5: Modified hash function is used for PDCCH repetition resource mapping.
Proposal 6: The assigned PDSCH starts at the next available starting subframe of PDSCH with the certain repetition level. It can be just next subframe.
Reference 

[1] R1-135392,
“TBS size and simultaneous reception capability on low category UE with enhanced coverage mode”, Panasonic
[2] R1-140498,
“Proposal of common coverage enhanced subframe length”, Panasonic
4
5
3GPP


_1451903854.unknown

_1451926890.unknown

_1451926895.unknown

_1451927128.unknown

_1451927147.unknown

_1451926900.unknown

_1451926901.unknown

_1451926892.unknown

_1451926894.unknown

_1451926891.unknown

_1451926884.unknown

_1451926886.unknown

_1451926882.unknown

_1451903772.unknown

_1451903817.unknown

_1451903643.unknown

