
3GPP TSG RAN WG1 Meeting #73
  R1-132202
Fukuoka, Japan, 20th – 24th May 2013
Source:
China Telecom
Title:
Discussion on multi-subframe scheduling
Agenda Item:
6.2.5.1.1
Document for:
Discussion
1.  Introduction
In last RAN1 meeting, multi-subframe scheduling was proposed by many companies as one of the potential technologies to reduce control overhead so as to improve the spectrum efficiency [1]-[8], and the follows were agreed

· 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
In this contribution, we firstly provide some initial simulation results on multi-subframe scheduling with system-level simulation and then present our further views on multi-subframe scheduling.

2. Performance evaluation on multi-subframe scheduling
We evaluate the performance of multi-subframe scheduling (MSS) and single subframe scheduling (SSS) for downlink based on system-level simulation under scenario 2a based on the assumptions agreed in last RAN1 meeting. TM9 and SU-MIMO with rank adaptation (up to rank 2) are assumed. We compare the average throughput for small cell for MSS with 4–subframe scheduling and 8–subframe scheduling with SSS as shown in Fig.1. The detailed simulation assumptions are listed in Table II in the appendix.
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Fig.1 Performance of MSS VS SSS for SU-MIMO
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.
From the simulation results in Fig.1, we can see that,
· For 0 dB bias case, compared to SSS, the gain of MSS with 4-subframe scheduling is very limited due to that only small amount of UEs are connected to small cells. The performance of MSS with 8-subframe scheduling is even worse than SSS due to loss of scheduling flexibility.
· For 9dB bias case, with the increased number of UEs connected to small cells, MSS can achieve some gain in terms of average small cell throughput, and the gain is about 2%. 
The gain of MSS over SSS may be changed with different simulation assumptions. For example, more control signaling resource is needed for MU-MIMO than SU-MIMO, then in that sense, MSS may be more beneficial in case of MU-MIMO and more gain may be achieved. However, the use case for MU-MIMO in small cell should be identified considering relative small coverage of small cell and small amount of UEs within small cell. Also, the gain of MSS may also be diversified for different small cell scenarios with different channel model and cell/UE distribution. The other thing is that in the simulation results above, we directly transfer the saved resource from reduction of control singling into increase of spectral efficiency by calculation, rather than use practical simulation assuming real data transmission on the saved resource. Thus, more practical assumption to reflect MSS benefit may be needed for further investigation.
Observation:

1) The performance loss from degradation of scheduling flexibility is not negligible for MSS, and up to 2% gain can be achieved from MSS with current assumptions.
3. Discussion on multi-subframe scheduling
In the section, we discuss the difference with semi-persistent scheduling (SPS) and the possible issues introduced by multi-subframe scheduling.

3.1. Difference with semi-persistent scheduling

Although the motivation of MSS and SPS is similar, i.e., reduction of the control signaling overhead, there are some differences between MSS and SPS. SPS is more suitable for the traffic which has constant rate characteristics and small packet size such as VoIP, while MSS is suitable for various type of traffic with slow time-varying channel. In the control signaling aspect, for MSS, one DCI is used to indicate the resources for multiple subframes; while for SPS, one DCI is used to activate SPS resources and one additional DCI may be needed to release SPS resources. 
Table I Differences between MSS and SPS
	
	Multi-subframe scheduling
	Semi-persistent scheduling

	Traffic
	Applicable to various type of traffic with large packet size
	Applicable to traffic with constant rate and small packet size

	Channel
	Applicable to slow time-varying channel
	Applicable for various type of channel

	Control signaling
	One DCI to indicate the resource and format for  multiple subframes
	One DCI to activate SPS resource, one DCI to release SPS resource


3.2. Link adaptation

With MSS, since one (e)PDCCH shall schedule multiple subframes, link adaptation cannot be done on subframe basis. The same MCS shall be adopted for PDSCH/PUSCH of co-scheduled subframes indicated by the (e)PDCCH in the first subframe. Consequently, some performance loss may be introduced due to the degradation of MCS accuracy.
Observation:
2) Same MCS shall be adopted for PDSCH/PUSCH of co-scheduled subframes indicated by the (e)PDCCH in the first subframe.
3.3. HARQ operation

HARQ timing
For DL, due to asynchronous HARQ utilized, Rel-8 HARQ timing can be reused for multi-subframe scheduling. For UL, due to synchronous HARQ, the initial transmission of multi-subframe scheduling may collide with the retransmission. This can be handled through smart scheduling by eNB or new HARQ timing may be considered.
Observation: 
3) For DL, Rel-8 HARQ timing can be reused for multi-subframe scheduling. For UL, new HARQ timing may be considered. 
HARQ process ID

In current LTE specification, for non-SPS, HARQ process ID is carried on (e)PDCCH for PDSCH and implicit HARQ process ID is assumed for PUSCH for UL synchronous HARQ. For multi-subframe scheduling, due to lack of (e)PDCCH in the subsequent subframes, UE cannot obtain the HARQ process ID for the corresponding PDSCH/PUSCH. Predefined HARQ process ID region like SPS can be introduced to multi-subframe scheduling. Other explicit or implicit methods can also be considered. 
Observation:

4)
For multi-subframe scheduling, how can UE know HARQ process ID for the corresponding PDSCH/PUSCH needs to be investigated.
HARQ retransmission
One 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 need retransmission. 

Observation:

5)
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 resource
In current LTE specification, the ACK/NACK resources for PDSCH can be determined by the first CCE index of corresponding PDCCH or with other parameters, e.g., cyclic shift of DM-RS sequence of corresponding ePDCCH. For multi-subframe scheduling, if all the subframes determine the ACK/NACK resources 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.

Observation:

6)
ACK/NACK resources for MSS PDSCH without (e)PDCCH may collide with that of other UE’s.
4. Conclusions

In this contribution, we present some initial performance evaluation results and further views on multi-subframe scheduling as follows. In summary, we have following observations,

Observations:

1) The performance loss from degradation of scheduling flexibility is not negligible for MSS, and up to 2% gain can be achieved from MSS with current assumptions.

2) Same MCS shall be adopted for PDSCH/PUSCH of co-scheduled subframes indicated by the (e)PDCCH in the first subframe.
3) For DL, Rel-8 HARQ timing can be reused for multi-subframe scheduling. For UL, new HARQ timing may be considered. 
4) For multi-subframe scheduling, how can UE know HARQ process ID for the corresponding PDSCH/PUSCH needs to be investigated.
5) 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.

6) ACK/NACK resources for MSS PDSCH without (e)PDCCH may collide with that of other UE’s.
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6. Appendix
Table II Simulation Assumption
	　
	Scenario #2a

	　
	Macro cell
	Small cell

	Layout
	Hexagonal grid, 3 sectors per site, case 1
7 Macro sites
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Average small cell throughput (Mbps)

SSS

MSS 4TTI

MSS 8TTI


Clusters uniformly random within macro geographical area;small cells uniformly random dropping within cluster area

	System bandwidth per carrier
	10MHz
	10MHz

	Carrier frequency 
	2.0GHz
	3.5GHz

	Carrier number
	1
	1

	Total BS TX power (Ptotal per carrier)
	46dBm
	30 dBm 

	Distance-dependent path loss
	ITU UMa[referring toTable B.1.2.1-1 in TR36.814], with 3D distance between an eNB and a UE applied
	ITU Umi [referring toTable B.1.2.1-1 in TR36.814] with 3D distance between an eNB and a UE applied

	Penetration
	For outdoor UEs:0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,d) ] for each link)
	For outdoor UEs:0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,UE-to-eNB distance) ] for each link)


	Shadowing
	ITU UMa according to Table A.1-1 of 36.819
	ITU UMi[referring toTable B.1.2.1-1 in TR36.814]

	Antenna pattern
	3D,  referring to TR36.819
	2D Omni-directional is baseline; directional  antenna is not precluded

	Antenna Height: 
	25m
	10m

	UE antenna Height
	1.5m

	Antenna gain + connector loss
	17 dBi 
	5 dBi

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	ITU UMa according to Table A.1-1 of 36.819
	 ITU Umi

	Antenna configuration
	2Tx2Rx in DL,  Cross-polarized

	Number of clusters/buildings per macro cell geographical area
	1 

	Number of small cells per cluster
	10

	Number of small cells per Macro cell
	10*Number of clusters per macro cell geographical area

	Number of UEs 
	60

	UE dropping
	Baseline: 2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area. 20% UEs are outdoor and 80% UEs are indoor.

	Radius for small cell dropping in a cluster
	50m 

	Radius for UE dropping in a cluster
	70m
	　

	Minimum distance (2D distance)
	Small cell-small cell: 20m

	
	Small cell-UE: 5m

	
	Macro –small cell cluster center: 105m

	
	Macro – UE : 35m
	　

	
	cluster center-cluster center: 2x Radius for small cell dropping in a cluster

	Traffic model
	Full Buffer

	UE receiver
	MMSE-IRC

	UE noise figure
	9dB

	UE speed
	3km/h

	Cell selection criteria
	RSRQ, CRE with 0/9 dB bias

	Network synchronization
	Synchronized

	Backhaul assumptions
	Ideal

	Performance metrics
	Averaged Throughput
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