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1 Introduction
In RAN1#72bis, the left problems about multi-subframe scheduling and cross-subframe scheduling will be further investigated in SCE as follow [1]. 
· Identify characteristics of potential schemes, e.g. for multi-subframe scheduling, how does it differ from SPS, how many subframes, how is link adaptation and HARQ retransmissions handled? 
· Evaluate whether there are useful potential gains (in throughput or other gains) from overhead reduction (multi-subframe scheduling) or statistical multiplexing gain (cross-subframe scheduling)

· Consider impact of resulting scheduling restrictions and potential means to mitigate such impact

· Identify potential specification impact
In this document, we share our views on multi-subframe and cross-subframe scheduling in SCE.
2 Multi- subframe scheduling
Multi-subframe scheduling is like semi-persistent scheduling in some extent, namely, a single DCI triggers multi-PDSCH transmission. Generally, the same MCS and RB allocation is applied. 
1. control signaling 

Compared to SPS, multi-subframe DCI should have different design because the scheduled subframes cover multiple HARQ processes. As the same MCS and RB allocation is used, the DCI design mainly focuses on differential information, such as HARQ. For example, it is natural to make sure whether the indications of initial transmission, retransmission or no transmission states are included in DCI. If TB of each subframe is considered, the number of NDI and RV bit can monotonically increase with the number of subframes, especially when transmission mode with 2 TB is configured. Commonly, DCI size of multi-subframe should not give rise to the remarkable increase of aggregation level, otherwise it will weaken the efficiency of reducing overhead. Thus, for multi-subframe scheduling, the number of TB, NDI, RV information and so on should be determined firstly.
Proposal 1: For multi-subframe scheduling, the number of TB, NDI, RV information and so on should be determined firstly.
2. retransmission 
Compared to SPS, dynamic service has more HARQ processes. From resource utilization perspective, one DCI should schedule multiple downlink processes. In this case, among the scheduled subframes, some subframes may be initial transmissions, the other subframes may be retransmissions. One simple solution is that all subframes are scheduled as retransmission, which leads to resources waste. Thus, for DCI of multi-subframe scheduling, initial transmission and retransmission should be differentiated based on subframe level in order to avoid unnecessary retransmission. 

Proposal 2: Initial transmission and retransmission based on subframe level should be supported in multi- subframe scheduling .
3. “windows” size
Within each periodicity of semi-persistently scheduling, one SPS transmission is scheduled. For dynamic service, although multiple subframes are scheduled by one DCI, the number of the scheduled subframes should be restricted. The larger subframe set leads to scheduling restriction due to the same RB location in multiple subframes. The scheduling gain can be impacted. Considering the bursty property of traffic, eNB should flexibly allocate resources for UE. Moreover, even though channel is deemed as relatively time-invariant in small cell scenario, the mismatch between MCS and realistic channel characteristic would still occurs if the excessive windows size is configured.

The window size should also consider the capacity of DCI. As above mentioned, the design of control signaling is relative to the number of the scheduled subframes. An upper limit of window size should be the maximum number of HARQ processes supported by network. For instance, 8 DL HARQ processes are supported in FDD, so that the number of the scheduled subframes should be less than or equal to the number of HARQ processes. Otherwise, initial transmission and retransmission would be confused.
Proposal 3: For Multi-subframe scheduling, the number of the scheduled subframes should not be larger than the maximum number of configured HARQ processes. 
4.signaling mechanism 

As the periodicity of SPS is configured by RRC signaling, some signaling can be required by RRC signaling for multi-subframe scheduling. For example, the size of subframes window should be informed to UE to indicate the number of the simultaneously scheduled subframes by a single DCI.   
Proposal 4: The size of subframes window is configured by RRC signaling.
Multi-subframe scheduling also has some problems. For example, when DCI is missed, the influence will be expanded due to multiple subframes sharing a single DCI. This should be designed carefully.
3 Cross-subframe scheduling

For cross-subframe scheduling, explicit signaling should be introduced to inform self-scheduling or cross-subframe scheduling. From the statistical multiplexing gain perspective, UE specific signaling is one option. Considering scheduling flexibility, a flag bit can be added in DCI to differentiate self-subframe scheduling and cross-subframe scheduling.   
Proposal 5: For cross-subframe scheduling a flag bit is required in DCI.
In CA scenario, relevant design also needs more consideration. In Rel-10, when CA is configured, search space of different cell is concatenated in the cell to carry respective PDCCH. When cross-subframe scheduling is enabled, cross-carrier and cross-subframe scheduling can occur simultaneously in one subframe. Thus search space design need to be considered.

4 Conclusions
In this document, we discussed multi-subframe scheduling and cross-subframe scheduling. We suggested the following issue:
Proposal 1: For multi-subframe scheduling, the number of TB, NDI, RV information and so on should be determined firstly.

Proposal 2: Initial transmission and retransmission based on subframe level should be supported in multi- subframe scheduling .
Proposal 3: For Multi-subframe scheduling, the number of the scheduled subframes should not be larger than the maximum number of configured HARQ processes. 
Proposal 4: The size of subframes window is configured by RRC signaling. 
Proposal 5: For cross-subframe scheduling a flag bit is required in DCI.
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