
3GPP TSG RAN WG1 Meeting #73

R1-132336
Fukuoka, Japan , 20th – 24th May 2013

Source: 

NEC Group

Title:


Multi-subframe and cross-subframe scheduling in small cells
Agenda Item:

6.2.5.1.1
Document for:
Discussion and Decision
1 Introduction

In RAN1#72bis, the control signalling enhancements in small cells have been discussed and it is observed that multi-subframe scheduling and/or cross-subframe scheduling could reduce the control signalling overhead by exploiting the channel that is time-invariant over a number of consecutive subframes. The observation and next steps are restated below:
Observations:
· Multi-subframe scheduling and/or cross-subframe scheduling are proposed by many companies

· Not necessarily limited to small cells, but may be able to exploit relatively time-invariant channels

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   
In this contribution, we discuss the issues relating to multi-subframe scheduling and cross-subframe scheduling such as overhead reduction, scheduling restrictions, HARQ retransmissions and specification impact.

2 Multi-subframe and cross-subframe scheduling in small cells 

The definition of multi-subframe scheduling and cross-subframe scheduling is as follows [1-2]:

· In multi-subframe scheduling, one control channel (i.e. DCI format) can schedule PDSCH or PUSCH for the current and multiple future subframes with the same transmission format such as resource allocation, MCS, etc. 
· In cross-subframe scheduling, an allocation (e.g. PDSCH) is intended to a different subframe than the one where control channel is transmitted which improves the statistical multiplexing gain of the control channels.
The motivation of multi-subframe scheduling is that it can be applied in small cell scenarios in which the channel is time-invariant in a number of future subframes (i.e. UE mobility is low). So, in this case, one control channel can schedule to multiple future subframes, and hence, there seems a non-trivial control signaling overhead reduction. On the other hand, the argument against is that the number of UEs in a small cell is generally small, the number of UEs scheduled in a subframe is also small and the average SINR that the UEs experience is relatively high, hence, resulting using lower aggregation levels for PDCCH/EPDCCH. Therefore, the control channel overhead is already at its low level and any further overhead saving would be small. On the other hand, cross-subframe scheduling does not directly reduce overhead for control signalling, although it might provide statistical multiplexing gain and some scheduling flexibility. However, the benefits of cross-subframe scheduling are not clear at this stage.

Nevertheless, as agreed in RAN1#72bis, the current ongoing evaluations would definitely quantify the overhead saving of the multi-subframe scheduling and cross-subframe scheduling. However, the signalling overhead saving should not be the only decision making parameter; other aspects such as scheduling restrictions, link adaptation, HARQ issues, specification impact, etc. have to be considered as well.   
Observation 1: Signaling overhead saving should not be the only decision making parameter; other aspects such as scheduling restrictions, link adaptation, HARQ issues, specification impact, etc. have to be considered as well. 
2.1 Scheduling restriction 
In the current LTE system, two scheduling mechanisms are supported: dynamic packet scheduling (DPS) and semi-persistent scheduling (SPS). In this case, the characteristics of the incoming data traffic make the scheduler to choose the type of the scheduling mechanism. 
For DL DPS, the scheduler has a flexibility to dynamically send data on subframe-by-subframe basis (i.e. the unit of scheduling is per subframe), to pick the preferred transmission parameters (e.g. resource allocation, MCS, HARQ, Power, etc.) for a proper link adaptation and to prioritize among users when scheduling on the current subframe. However, if multi-subframe scheduling is applied and the incoming data is bursty, the scheduler may lose the flexibility to prioritize among users as well as to modify transmission parameters in every subframe. That means the benefits of link adaptations by both MCS change and allocated PRB resources change might be compromised. Thus, the control channel overhead reduction may not translate into overall system capacity improvements significantly. In addition, as the incoming data is bursty with unknown estimate of time of arrival and size, dis-similar to SPS traffic, the scheduler has to allocate the resources as needed and free otherwise which creates uncertainty and abrupt decisions at the scheduler, hence, multi-subframe scheduling would increase the complexity of the scheduler.
Observation 2: Complexity of eNB scheduler and overall system capacity improvements have to be considered when deciding the benefits of the multi-subframe and cross-subframe scheduling.               
2.2 HARQ retransmissions

For the DL DPS, asynchronous adaptive HARQ with stop-and-wait procedure is followed in which if decoding of the packet fails, the packet is retransmitted based on transmission of downlink control information/parameters. The scheduler has flexibility to dynamically schedule any retransmissions in time-resource as well as frequency-resource. 
However, in case of DL multi-subframe scheduling and cross-subframe scheduling, how to handle HARQ retransmissions is unclear such as the followings: 

· Multi-subframe period in multi-subframe scheduling
· Possible distance between the subframe with DL grant and the target subframe in cross-subframe scheduling
· ACK/NACK feedback method (e.g. timing, concatenation of ACK/NACKs)

· Total number of HARQ processes 
· Downlink control information (e.g. HARQ process number, redundancy version, NDI)

Related with the above discussion points, at least for FDD, one example to handle DL HARQ retransmissions is to employ synchronous non-adaptive HARQ scheme for downlink transmission. Similar to the current LTE uplink, the HARQ process number in each sub-frame is determined from the sub-frame number according to a fixed mapping known by the eNB and the UE, and the redundancy version (RV) follows a fixed predetermined sequence. This will at least reduce some signalling overhead in the downlink control information.
Observation 3: To handle DL HARQ retransmissions, synchronous non-adaptive HARQ scheme may be considered for reducing the signaling overhead purpose.
2.3 Potential Specification Impact

Based on the discussion above, there may be some specification impacts such as the followings:  
· To define how many future subframes the scheduling spans for multi-subframe scheduling and/or how far future subframe can be scheduled for cross-subframe scheduling, for example 4, 6 or 8 subframes, and corresponding signaling method. 
· To change the way the HARQ retransmissions is handled in both downlink and uplink subframes. 
· How to handle the collision between the chosen DL HARQ scheme and MBSFN subframes, system information and the existing signals.
· The number of blind decoding should not be increased compared to the maximum number of blind decodings (BDs) that the UE is capable of in previous LTE Release. This needs to be taken into account during the design and specifications.
Conclusion
In this contribution, we have discussed issues relating to multi-subframe scheduling and cross-subframe scheduling such as overhead reduction, scheduling restrictions, HARQ retransmissions and specification impact. We have the following observations:
Observation 1: Signaling overhead saving should not be the only decision making parameter; other aspects such as scheduling restrictions, link adaptation, HARQ issues, specification impact, etc. have to be considered as well.
Observation 2: Complexity of eNB scheduler and overall system capacity improvements have to be considered when deciding the benefits of the multi-subframe and cross-subframe scheduling.    
Observation 3: To handle DL HARQ retransmissions, synchronous non-adaptive HARQ scheme may be considered for reducing the signaling overhead purpose.
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