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1
Introduction
With the densification of small cells, it is likely that some UEs may be very close to one or more small cells and hence may have good channel conditions. In RAN1#72bis, some potential techniques for control channel overhead reduction were discussed. In this contribution, we investigate additional details for control channel overhead reduction under small cells.
2
Discussion
In Rel-12, with the densification of small cells, it is likely that some UEs may experience good channel conditions due to close proximity to one or more small cells. As a result, there are motivations to consider potential control channel overhead reduction techniques for these scenarios. 
In [1], multi-subframe and/or cross-subframe scheduling was investigated. Due to resource granularity for control channels (e.g., at least 1 symbol for PDCCH, and at least 2 PRB pairs for distributed EPDCCH) and statistical multiplexing gain, noticeable overhead savings can be achieved via multi-subframe and/or cross-subframe scheduling (e.g., low single digit %). Both approaches are worth further study as possible optimizations for small cells, especially if MCSs over multiple subframes are not drastically different and if the load at small cells is small. 
· Proposal 1: Consider some control overhead reduction (e.g., multi-subframe scheduling, cross-subframe scheduling, etc.) for small cells in Rel-12.

One topic related to multi-subframe and/or cross-subframe scheduling is whether or not PDSCH/EPDCCH can start from symbol 0 in a cell of legacy backward compatible carrier type, especially for PDSCH in a subframe cross-subframe scheduled by a control channel from a different subframe. In such a subframe, CRS is still necessary to be transmitted for backward compatibility.  For legacy control channels, there are two possible alternatives:
· Alt 1: Legacy control is completely omitted in a subframe where PDSCH/EPDCCH starts from symbol 0
· Alt 2: Legacy control (PCFICH/PHICH/PDCCH) is still transmitted in a subframe where PDSCH/EPDCCH starts from symbol 0, and PDSCH/EPDCCH may rate match and/or be punctured by legacy control transmissions

· Rate matching can be done for some legacy control channels while puncturing can be done for some other control channels. For example, rate matching can be done for PCFICH and the PDCCH scheduling the corresponding PDSCH, while puncturing can be done for PHICH and other PDCCHs. 

To investigate overhead savings for the two approaches for a given subframe, consider a 10MHz system with normal CP and 2-port CRS. Consider CRS based PDSCH transmissions with one legacy control symbol, there are up to 600 (tones/symbol) *13 (data symbols/subframe) - 600 (CRS in the data region) = 7200 REs available for PDSCH. 

· Under Alt 1 where legacy control region is completely omitted
· Up to 600 *14 -800 (CRS in the subframe) = 7600 REs can be made available for PDSCH, an increase of 400 REs, or 400/7200 = 5.5%.
· Under Alt 2 (where legacy control is also allowed in symbol 0)
· If there is one aggregation level 1 PDCCH (36 REs), up to 7600 – 16 (PCFICH) – 12 (PHICH) – 36 (PDCCH) = 7536 REs for PDSCH, an increase of 336 REs or 336/7200 = 4.7%
· Assuming only one PHICH group is active
· If there is one aggregation level 2 PDCCH (72 REs), up to 7600 – 16 – 12 – 72 = 7500 REs for PDSCH, an increase of 300 REs or 300/7200 = 4.2%
· If there are two PDCCHs, one level 4 (e.g., for broadcast) and one level 1, up to 7600 – 16 – 12 – 144 – 36 = 7392 REs for PDSCH, an increase of 192 REs or 144/7200 = 2.7% 

Similar analysis can also be done for DM-RS based PDSCH transmissions.

As can be seen, when there is only one PDCCH (level 1 or level 2 PDCCH), the overhead savings by Alt 2 is comparable to that of Alt 1 (4.7% or 4.2% vs. 5.5%). In a subframe where there is a second PDCCH for broadcast, a 2.7% saving can still be achieved by Alt 2, while Alt 1 would not have any overhead savings. Therefore, although Alt 2 may achieve slightly less savings than Alt 1 in a given subframe, it may result in larger overhead savings when overhead savings over all subframes are taken into account.

More specifically, comparing Alt 1 and Alt 2, the following can be observed:

· Alt 1:

· Pros: 

· Slightly larger overhead savings compared with Alt 2 (as discussed earlier) in a given subframe

· But not necessarily larger overhead savings if the following two factors are taking into account: lacking of non-adaptive UL re-transmissions via PHICH and only applicable to a subset of subframes. In some TDD DL/UL subframe configurations, there may not be any overhead savings.
· Cons:

· Can only be applied for a subset of subframes
· For some TDD DL/UL subframe configurations, this approach may not be applicable at all
· Mandate the usage of EPDCCH in some subframes

· May not achieve the peak rate

· Since at least one PRB has to be used by EPDCCH in subframes when PDSCH starts from symbol 0

· Additional overhead to use EPDCCH to carry UL grants in case of non-adaptive UL re-transmissions

· Potential unintended UE behavior

· For example, a UE unaware of the omission of legacy control region may decode a non-existing PHICH as NAK and performs non-adaptive UL re-transmissions if the UE does not decode an EPDCCH in the subframe (either due to miss detection or no EPDCCH)
· Alt 2:

· Pros:

· Can be applied to all subframes
· Hence potentially larger overhead savings compared with Alt 1, especially for TDD

· Can use PDCCH in all subframes

· Can achieve the peak rate

· Can still operate non-adaptive re-transmissions via PHICH

· Hence better overhead efficiency for UL operation

· Cons:

· Slightly less overhead savings in a given subframe
· But can bring larger overhead savings than Alt 1 if considering the support of PHICH and overhead savings over all subframes
Therefore, we propose:
· Proposal 2: Further study the possibility of starting PDSCH/EPDCCH from symbol 0 in a backward compatible carrier. If supported, legacy control signals should still be transmitted in symbol 0.

3
Conclusions 

In this contribution, we investigated some additional details on control channel overhead reduction in the context of small cells, and propose that:
· Consider some control overhead reduction (e.g., multi-subframe scheduling, cross-subframe scheduling, etc.) for small cells in Rel-12
· Further study the possibility of starting PDSCH/EPDCCH from symbol 0 in a backward compatible carrier. If supported, legacy control signals should still be transmitted in symbol 0.
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