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1. Introduction

In RAN1 #72bis, the control signalling enhancements like multi-subframe scheduling and cross-subframe scheduling are proposed by many companies. The next steps for control signalling enhancements are as follows:
Next steps:

· For RAN1#73, focus on study of multi-subframe scheduling and cross-subframe scheduling

· 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

· Also consider PDSCH/EPDCCH starting in first OFDM symbol 

· At RAN1#73, prepare a TP for 36.872 summarising the conclusions from the above points. 

Based on the above next steps, in this contribution we share our views on the characteristic, scheduling restrictions, and the corresponding potential spec impacts of multi-subframe scheduling.
2. Discussion on Multi-subframe Scheduling
2.1 Characteristics of multi-subframe scheduling
To begin the study on characteristic of multi-subframe scheduling, it is important to review semi-persistent scheduling (SPS) first and identify the difference between multi-subframe scheduling and SPS. SPS has been introduced since rel-8 to provide a rather static scheduling for some services like VoIP which has data packets small, periodic and static in size. To achieve SPS, higher layer will first configure UE to monitor SPS grant. Once the DCI scrambled by SPS C-RNTI  is detected and pass the SPS activation validation, SPS is activated. During the SPS transmission, no additional control signaling is required for the following SPS transmission. The transmission happens periodically per SPS interval counted from the activated subframe. Current SPS interval can be one of 10, 20, 32, 40, 64, 80, 128, 160, 320, and 640 subframes [1]. For TDD, the interval is rounded by 10 subframes to maintain DL/UL consistency. The HARQ process ID is calculated by the following formula [2]:

HARQ Process ID = [floor(CURRENT_TTI/semiPersistSchedIntervalDL)] modulo numberOfConfSPS-Processes
Also, the PUCCH resources for SPS are configured by higher layer and can be selected by TPC command in DCI for SPS activation. During SPS transmission, it is also possible to use dynamic scheduling override the SPS transmission. The scheduled resources can be adjusted by dynamic scheduling. The retransmission of SPS is also scheduled by dynamic scheduling. The SPS can be released by another DCI scrambled by SPS C-RNTI.
For multi-subframe scheduling, we identify the differences between multi-subframe scheduling and SPS from different aspects as follows.

Transmission interval
As mentioned above, SPS intervals can be one of 10, 20, 32, 40, 64, 80, 128, 160, 320, and 640 subframes. It is clearly different from multi-subframe scheduling where the transmission happens in consecutive subframes in general. It is also possible to have transmission happens per several subframes. Yet, since multi-subframe scheduling is applied for time-invariant channel, it is obvious the interval will be far smaller than SPS.

Observation 1: The transmission interval of multi-subframe scheduling is far smaller than SPS. Transmission in consecutive subframes should be baseline.
Transmission length (number of transmission subframes)

The transmission length of SPS depends on the SPS activation and release procedure. Therefore, the SPS transmission length is flexible. For multi-subframe scheduling, if the transmission length is too long, the corresponding HARQ procedure will be very hard to deal with. Also, the spectral efficiency will be decreased due to losing time-invariability of channel. Considering small cell on/off operation and TDD DL/UL switch, it is also inappropriate to have a long transmission length. It is suggested to have fixed transmission length for multi-subframe scheduling. 2 subframes can be used as a starting point. 4 and 8 subframes can also be considered.
Observation 2: Contrary to SPS which has flexible transmission length, it is suggested to have fixed transmission length for multi-subframe scheduling. 2 subframes can be used as a starting point.
Activation and Release
It is noted that strict tests are set (DCI should satisfy some special fields) for SPS activation since the wrong activation may cause severe resources wastage. SPS C-RNTI rather than C-RNTI is used for SPS to remain the scheduling flexibility. For multi-subframe scheduling, the same motivation may not hold. It is expected the transmission length of multi-subframe scheduling will not be too long as discussed above. The activation of multi-subframe scheduling can be made easier. For example, a flag bit can be added into DCI messages or multi-subframe scheduling can only be activated in certain activated subframes. On the other hand, the same C-RNTI for normal scheduling should be reused for multi-subframe scheduling.
SPS can be released by detection of a SPS release DCI. For multi-subframe scheduling, since its transmission length is better to be fixed, the release DCI is no longer necessary.
Observation 3: Unlike SPS which has strict tests for SPS activation, the activation of multi-subframe scheduling can be made easier (e.g. have a flag bit or in certain activation subframes). The same C-RNTI for normal scheduling should be reused for multi-subframe scheduling. No additional DCI is needed for terminate multi-subframe scheduling transmission.
Retransmission 
The retransmission of SPS transmission is enabled by dynamic scheduling. DCI scrambled by SPS C-RNTI can be used to schedule retransmission for erroneous TBs. For multi-subframe scheduling, it is better to clarify first whether single ACK/NACK or multiple ACKs/NACKs are used for the scheduled multiple TBs. If single ACK/NACK is adopted, all TBs should be retransmitted even only one TB in the scheduled TBs has errors. The retransmission can be simply scheduled by multi-subframe scheduling DCI again. However, the HARQ latency will be increased due to using one ACK/NACK for all TBs. On the other hand, if multiple ACKs/NACKs are used, additional information is required for multi-subframe scheduling DCI (e.g. HARQ process IDs for each TB). Also, the PUCCH collision may require some more study.

Observation 4: The retransmission of SPS transmission is enabled by dynamic scheduling. Retransmission for multi-subframe scheduling TBs can be simply scheduled by multi-subframe scheduling DCI again. It is better to clarify first whether single ACK/NACK or multiple ACKs/NACKs are used for the scheduled multiple TBs.
HARQ process ID
The HARQ process ID for each SPS transmission is calculated by the abovementioned formula implicitly. For multi-subframe scheduling, the HARQ process ID is signaled by multi-subframe scheduling DCI. The DCI content depends on how HARQ retransmission works. For single ACK/NACK feedback, it is possible to have the same DCI content with single-subframe scheduling DCI. For multiple ACKs/NACKs feedback, additional bits in DCI are needed.
Observation 5: The HARQ process ID for each SPS transmission is calculated implicitly. For multi-subframe scheduling, the HARQ process ID is signaled by DCI. The DCI content depends on how HARQ feedback and retransmission be designed.
PUCCH resource

The PUCCH resource of SPS is configured by higher layer and selected by the TPC command in SPS activation DCI. Since SPS transmission occurs with a quite longer periodicity, the issue of collision of PUCCH resource is not that important. For multi-subframe scheduling, it depends on the HARQ feedback for multi-subframe scheduling. For single ACK/NACK feedback, the rel-8 implicit PUCCH resource determination can be reused. For multiple ACKs/NACKs feedback, higher layer configuration can be used. Yet, how to avoid PUCCH collision requires further study.

Observation 6: The PUCCH resource of SPS is configured by higher layer and selected by the TPC command in SPS DCI. For multi-subframe scheduling, the PUCCH resource can be signaled implicitly or explicitly depends on the design of corresponding HARQ feedback.
Link adaptation

Link adaptation for SPS can be achieved by detection of SPS DCI during SPS duration. For multi-subframe scheduling, since the motivation for multi-subframe scheduling is time-invariant channel, it is reasonable to keep the same MCS and resource allocation for all scheduled subframes.
Observation 7: Link adaptation for SPS is achieved by detection of SPS DCI during SPS duration. Link adaptation is not that necessary for multi-subframe scheduling.
2.2 Scheduling Restrictions of multi-subframe scheduling
There may be some scheduling restrictions for multi-subframe scheduling especially when UE can only be configured for either multi-subframe scheduling or single-subframe scheduling. First, UE configured for multi-subframe scheduling are forced to be scheduled for multiple subframes. eNB may lose flexibility to handle burst traffic. On the other hand, dynamic on/off switch upon small cells is regarded as an efficient solution for interference coordination between small cells. If UE are configured by only multi-subframe scheduling in every subframe, dynamic on/off switch upon small cells will be very difficult to implement. Small cell node cannot turn off the data transmission in these consecutive subframes. The flexibility of interference coordination will be affected. As a result, if UE can only be configured for either multi-subframe scheduling or normal single-subframe scheduling, those UE configured for multi-subframe scheduling will not be able to be scheduled in a lot of subframes. It is obvious that this kind of scheduling restrictions can be alleviated if single-subframe scheduling and multi-subframe scheduling can be supported simultaneously.
There are several methods to support both single-subframe scheduling and multi-subframe scheduling simultaneously. One solution is to add one more flag bit in DCI message to indicate whether single-subframe scheduling or multi-subframe scheduling is used for this DCI message. As a result, in every subframe UE is possible to be scheduled for both multi-subframe scheduling and single-subframe scheduling. However, additional control channel overhead is required. It should also be noted that the DCI size of single-subframe scheduling and multi-subframe scheduling might be different. It will bring more difficulties on UE blind decoding. Another solution is introducing multi-subframe scheduling activated pattern which contains the information about which subframes are for multi-subframe scheduling DCI messages while other subframes are not. For example, a sequence can be configured via higher layer to indicate the activated subframes. Multi-subframe scheduling can only be activated in the activated subframes. UE determines whether the blindly decoded DCI messages in each subframe can be applied to the following several consecutive subframes or not according to the multi-subframe scheduling activated pattern. Multi-subframe scheduling DCI messages can be made more focused in the activated subframes and the statistical multiplexing gain can be achieved. On the other hand, on/off switch upon small cells may consider other small cells’ activated subframes for multi-subframe scheduling. More efficient interference coordination can be achieved.
Observation 8: The scheduling restrictions can be alleviated if single-subframe scheduling and multi-subframe scheduling can be supported simultaneously. It can be achieved by having additional flag bit in DCI message or a restricted subframe sets for multi-subframe scheduling.
3. Conclusion

In this contribution, we share our views on the characteristic, scheduling restrictions, and the corresponding potential spec impact of multi-subframe scheduling. Some observations are summarized as below:

Observation 1: The transmission interval of multi-subframe scheduling is far smaller than SPS. Transmission in consecutive subframes should be baseline.
Observation 2: Contrary to SPS which has flexible transmission length, it is suggested to have fixed transmission length for multi-subframe scheduling. 2 subframes can be used as a starting point.

Observation 3: Unlike SPS which has strict tests for SPS activation, the activation of multi-subframe scheduling can be made easier (e.g. have a flag bit or in certain activation subframes). The same C-RNTI for normal scheduling should be reused for multi-subframe scheduling. No additional DCI is needed for terminate multi-subframe scheduling transmission.
Observation 4: The retransmission of SPS transmission is enabled by dynamic scheduling. Retransmission for multi-subframe scheduling TBs can be simply scheduled by multi-subframe scheduling DCI again. It is better to clarify first whether single ACK/NACK or multiple ACKs/NACKs are used for the scheduled multiple TBs.
Observation 5: The HARQ process ID for each SPS transmission is calculated implicitly. For multi-subframe scheduling, the HARQ process ID is signaled by DCI. The DCI content depends on how HARQ feedback and retransmission be designed.
Observation 6: The PUCCH resource of SPS is configured by higher layer and selected by the TPC command in SPS DCI. For multi-subframe scheduling, the PUCCH resource can be signaled implicitly or explicitly depends on the design of corresponding HARQ feedback.
Observation 7: Link adaptation for SPS is achieved by detection of SPS DCI during SPS duration. Link adaptation is not that necessary for multi-subframe scheduling.
Observation 8: The scheduling restrictions can be alleviated if single-subframe scheduling and multi-subframe scheduling can be supported simultaneously. It can be achieved by having additional flag bit in DCI message or a restricted subframe sets for multi-subframe scheduling.
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