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1.  Introduction
A study item “Small Cell Enhancements – Physical-layer Aspects” was approved at RAN#58 [1]. The objective of this study is to identify potential enhancements to improve the spectrum efficiency as well as efficient small cell deployment and operation to meet the requirements targeted for small cell enhancements in the identified scenarios in TR36.932 [2], and evaluate the corresponding gain, standardization impact and complexity. 
In last RAN1 meeting, considering the channel characteristics of small cell deployment, multi-subframe scheduling (MSS) was proposed as the one of the potential technologies to reduce control overhead so as to improve the spectrum efficiency [3] – [8]. In this contribution, we discuss the relevant issues of multi-subframe scheduling.
2. Discussion on multi-subframe scheduling
In this section, the possible issues introduced by multi-subframe scheduling are discussed.
In principle, in order to reduce the control overhead to improve the spectrum efficiency, it’s better to make the number of scheduled subframes using the same control signaling as large as possible. However, larger number of scheduled subframes brings more restriction on the scheduling flexibility which will potentially degrade the overall system performance. Thus, the gain of multi-subframe scheduling should be verified taking scheduling flexibility into account.
Observation:

1) The gain of multi-subframe scheduling should be verified taking scheduling flexibility into account.
(e)PDCCH
In order to effectively support multi-subframe scheduling, new design on (e)PDCCH may be needed. The main idea of multi-subframe scheduling is that the MCS and resource allocation can be identical for contiguous subframes considering the channel characteristics of small cell. Besides MCS and resource allocation, (e)PDCCH also carries other information, e.g., HARQ process ID, TPC, RV, SRS request, hopping flag, CSI request. For multi-subframe scheduling, PDSCH/PUSCH may only have (e)PDCCH in the first subframe, while for the other subframes, there is no corresponding (e)PDCCH for PDSCH/PUSCH. Therefore, how to interpret or indicate the other information, e.g., HARQ process ID, TPC, RV, SRS request, hopping flag, CSI request for PDSCH/PUSCH without (e)PDCCH needs be studied and investigated. In addition, if new (e)PDCCH is introduced, the potentially increased complexity for blind decoding should be taken into account.
Observation:

2) How to interpret or indicate these information, e.g., HARQ process ID, TPC, RV, SRS request, hopping flag, CSI request for PDSCH/PUSCH without (e)PDCCH needs be studied and investigated.
HARQ retransmission
The other issue is how to handle the retransmission for multi-subframe scheduling when, for example, parts of the PDSCH/PUSCH subframes are not decoded successfully. Maybe it’s not necessary to re-transmit all the PDSCH/PUSCH subframes scheduled by one (e)PDCCH even if some of that are correctly received considering effective resource utilization. Therefore, one possible way is that falling back to single subframe transmission for subframes that need retransmission. 
Observation:

3) How to handle the re-transmission for multi-subframe scheduling needs to be investigated. One possible way is falling back to single subframe transmission for subframes need retransmission.
ACK/NACK for PDSCH
In current LTE specification, the ACK/NACK resources for PDSCH can be determined by the first CCE index of corresponding PDCCH or with other parameter, e.g., cyclic shift of DM-RS sequence of corresponding ePDCCH. For multi-subframe scheduling, if all the subframes determine the ACK/NACK resource according to a common (e)PDCCH, i.e., the (e)PDCCH in the first subframe, there will be some potential problems for  ACK/NACK collision for the subframes without (e)PDCCH, since their ACK/NACK resources may collide with that of other UE’s.
ACK/NACK for PUSCH

For UL PUSCH, since the ACK/NACK resource is determined by the first PRB index of PUSCH, so there may be no such collision problem as that in DL transmission. PHICH can be reused for ACK/NACK for UL multi-subframe scheduling, and if PHICH is abandoned in NCT, re-transmission of PUSCH can be indicated by UL grant.
Observation:

4) ACK/NACK resources for MSS PDSCH without (e)PDCCH may collide with that of other UE’s.
Coincidence of multi-subframe scheduling and single subframe scheduling
For multi-subframe scheduling, during the (e)PDCCH validation time, some other information may need to be transmitted also, e.g., re-transmission, paging, and system information. How does the system handle the coincidence of multi-subframe scheduling and single subframe scheduling? One possible way is that during MSS (e)PDCCH validation time, the data with MSS is not transmitted on the subframes on that SSS based transmission is needed, i.e., MSS can be overridden by SSS if needed. 
Observation:

5) The coincidence of single subframe scheduling and multi-subframe scheduling needs to be addressed.
3. Conclusions
In this contribution, the standardization impact of multi-subframe scheduling is analyzed and our observations are as follows. 
Observation:

1) The gain of multi-subframe scheduling should be verified taking scheduling flexibility into account.
2) How to interpret or indicate these information, e.g., HARQ process ID, TPC, RV, SRS request, hopping flag, CSI request for PDSCH/PUSCH without (e)PDCCH needs be studied and investigated.
3) How to handle the re-transmission for multi-subframe scheduling needs to be investigated. One possible way is falling back to single subframe transmission for subframes need retransmission.

4) ACK/NACK resources for MSS PDSCH without (e)PDCCH may collide with that of other UE’s.
5) The coincidence of single subframe scheduling and multi-subframe scheduling needs to be addressed.
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