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1
Introduction
At RAN1#72bis, some contributions [1,2] explicitly discussed to remove PDCCH (and the related overhead) in some subframes totally as a small cell related enhancement. In order to therefore harvest the gains for Rel. 12 UEs of this potential DL overhead reduction technique, other data and/or control channels would need to be able to reuse the freed REs, i.e. starting in symbol#0 [2]. In this contribution we discuss the combination of these two features for small cells supporting legacy UE access.
2
PDCCH-less subframes

In [1,2], the removal of PDCCH overall in certain subframes had been proposed, enabling the removal of PDCCH overhead in these subframes.
Considering the nominal overhead savings in these specific subframes, the following rough calculation on overhead savings can be done – not considering potential PCFICH, (E)PHICH issues:

· 2 configured CRS ports (baseline): 2/3 of an OFDM symbol
· 1 configured CRS port: 5/6 of an OFDM symbol

This nominal overhead saving as such will have the following consequences in the considered subframes in case of self-scheduling (no cross-carrier scheduling):

· Self-scheduled Rel. 8-10 terminals cannot be served in DL direction in these subframes at all, as these subframes are non Rel. 8-10 backward compatible (incl. UL/DL scheduling, PHICH, etc.)
· Rel. 11 EPDCCH capable terminals potentially could be served in these subframes but cannot profit from overhead reduction either:
· PCFICH still transmitted: with TM1-TM10 starting earliest in symbol#1

· No PCFICH: TM10 with PQI starting earliest in symbol#1

· EPDCCH needs to be transmitted in these subframes, reducing the potential overhead reduction in these subframes correspondingly

· PHICH not available in these subframes, leading either to 
· EPHICH design needed for these subframes for Rel. 12 UEs, reducing the potential overhead savings in these subframes or usage is restricted to subframes without PHICH transmissions, which implies scheduling restrictions.
· EPDCCH scheduling PUSCH [3] for Rel. 11 EPDCCH capable UEs / Rel. 12 UEs increasing the DL control overhead (and thereby also decreasing the potential control channel overhead savings)

· PHICH is of course effecting also on the PUSCH operation of legacy Rel. 8-10 legacy devices 

Leading to the following observation:

Observation1: The overhead reductions through PDCCH-less subframes would be limited to a subset of subframes and even in these subframes (much) less than a full OFDM symbol. 
Observation2: The potential gains of PDCCH less subframes would be limited to Rel. 12 terminals but would have a strong impact on legacy terminal operation (including EPDCCH capable Rel. 11 terminals).

2
PDSCH/EPDCCH starting in symbol#0
The only way to actually profit from these overhead savings (from the limitations/restrictions noted above) is for Rel. 12 UEs to enable the starting position of PDSCH/EPDCCH to be in symbol#0, as proposed in [2]. As a starting point indication for the UE, using the reserved value in PCFICH through dynamic indication or higher-layer signalling has been suggested [2]. 

The discussion on starting position in symbol #0 has been on parallel also happening with respect to the new carrier type. But there the situation as such is very much different, as the NCT as such is to be regarded as non-backward compatible as such and therefore, relations to legacy terminal operation do not need to be considered. Another possible application having no impact on legacy terminal operation, could be carrier aggregation in combination with cross-carrier scheduling. But the small cell enhancements should also enable legacy terminal operation (without requiring carrier aggregation) and thus legacy terminal operation needs to be considered. 
As noted in the previous section, any Rel. 8 to 10 terminals cannot be addressed by the eNB/network in these subframes anyhow as such. But EPDCCH capable Rel. 11 terminals could be served in these subframes with certain restrictions (in addition to the UL HARQ indication noted earlier). 
A “PCFICH 0” indication in PDCCH-less subframes (in contrast to 36.211) would enable Rel. 12 terminals to fully harvest the potential gains for PDSCH (for all TMs) as well as EPDCCH starting in symbol#0. But this modified PCFICH would restrict the Rel. 11 terminal operation in these subframes further to TM10 only, as TM1-9 fully rely on PCFICH as a starting point indication. Moreover, PCFICH indication of the control channel region without a successful control channel decoding is not very reliable, as was also noted in the cross-carrier scheduling discussions a few years ago. A “PCFICH 0” would further decrease the reliability as the receiver needs to choose one PCI value out of four instead of one out of three. This will increase the number of lost subframes and would lead to a degraded peformance. Furthermore, SPS and potentially multi-subframe scheduled UEs without a DL control channel in the subframe will with a higher probability decode PDSCH from an incorrect symbol with HARQ buffer corruption as a consequence. It is proposed that the reliability aspects of  PCFICH are seriously studied in the small cell case before any decisions on dynamic signaling of PDCCH-less subframes through “PCFICH 0” are taken. 
Considering the option of higher-layer signalling (e.g. through PQI or similar) being less restrictive for Rel. 11 UEs, the gains can only be harvested for Rel. 12 terminals in TM10 (but not in TM1-9 for Rel. 12 UEs). Moreover, a semi-static EPDCCH starting position in symbol#0 seems to be not feasible as in other subframes PDCCH might be present when a UE is being configured to monitor EPDCCH. 
Observation 3: Focusing the starting symbol discussions to only higher-layer signalling solutions (i.e. PQI for TM10) seems reasonable.

Relation to multi-subframe scheduling

The idea of multi-subframe scheduling, is to enable PDSCH/PUSCH scheduling in several subframes for a UE through a single DL control message. From point of a single UE, a combination of multi-subframe scheduling and enabling PDSCH/EPDCCH starting position in symbol #0 sound like an interesting combination as such, as indicated in Figure1.
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Figure 1: Multi-subframe scheduling

For the scheduled UE, it would be of course interesting to enable the starting position in symbol#0 in the subframes following the scheduling grant (here transmitted through PDCCH). But even if the DCI has been received on EPDCCH in a subframe not containing PDCCH, one of the scheduled subframes might contain some PDCCH. Therefore, fixing the starting position to symbol#0 for the PDSCH in all the scheduled subframes (e.g. in TM10 through PQI) might not be a reasonable operation point, but a subframe-to-subframe dynamic starting point indication, similar as through PCFICH, might be required to operate efficiently. But as discussed in the previous section, this will further restrict the utilization of the subframes with PDSCH starting position in symbol#0 of Rel. 1 terminals. 
Overall, the discussions above can be summarized in the following observation on PDSCH/EPDCCH starting symbol#0 as part of the small cell enhancements SI:

Observation4: There is a clear trade-off between harvesting the gains of enabling PDSCH/EPDCCH starting position in symbol#0 for Rel. 12 terminals and operation of EPDCCH capable Rel. 11 UEs.

3
Conclusion
In this contribution, we discuss the application of the PDCCH-less subframes to reduce the control overhead and PDSCH/EPDCCH starting position in symbol#0 to harvest these overhead reduction gains, for small cell deployments. The discussions lead to the following observations:

· Observation1: The overhead reductions through PDCCH-less subframes would be limited to a subset of subframes and even in these subframes (much) less than a full OFDM symbol. 
· Observation2: The potential gains of PDCCH less subframes would be limited to Rel. 12 terminals but will have a strong impact on legacy terminal operation (including EPDCCH capable Rel. 11 terminals).
· Observation 3: Focusing the starting symbol discussions to only higher-layer signalling solutions (i.e. PQI for TM10) seems reasonable.

· Observation4: There is a clear trade-off between harvesting the gains of enabling PDSCH/EPDCCH starting position in symbol#0 for Rel. 12 terminals and operation of EPDCCH capable Rel. 11 UEs.

In contrast to NCT, which is clearly non-backward compatible, the introduction of these features on a small cell carrier create issues serving Rel.8-11 legacy UEs. This leads us to our final proposal:
Proposal: Keep the discussions on PDSCH/EPDCCH starting position in symbol#0 related to NCT, as the introduction of this feature for NCT is not creating any legacy UE issues in contrast to the case of small cell enhancements.
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