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1. Introduction
In RAN1#61, following concepts about non-contiguous UL resource allocation (RA) are agreed. 
· Support dynamic switching between Rel.8 single cluster transmission and Rel.10 multi-cluster PUSCH transmission
· DL/UL transmission mode can be configured independently

· Note that independent configuration of DL and UL transmission modes doesn’t necessarily imply all DL and UL modes are to be supported in arbitrary combination, and this would be left FFS.
· Size of each cluster has a value from the following set: 

· N x 1RB, N x 2RBs, N x 3RBs, N x 4RBs, N x 5RBs

· N is integer number

· The above values may be further reduced – FFS 
· No additional blind decodings to support non-contiguous UL RA in single antenna transmission case 

· i.e. the size of the DCI format used to support non-contiguous UL RA is matched to the size of Format 0 or the semi-statically configured DCI Format size for the same UE

· Format size matching is done by padding one of the messages if necessary

· “No additional blind decodings to support non-contiguous UL RA” also applies to SU-MIMO case if SU-MIMO is supported with non-contiguous UL RA

· Re-use resource indexing scheme from Rel-8

· RA schemes type 0/1/2 or CQI RB indexing scheme with minimal modifications

However, the maximum number of clusters and DCI format for UL non-contiguous RA are still open. According to agreed WF[1], one from the following two options about the maximum number of clusters and UL DCI format for single Tx antenna is selected at RAN1#61bis.
· 2 clusters (with UL DCI format aligned with DCI format 0)

· Number of clusters not limited by the signalling (with UL DCI format aligned with configured DL DCI formats)
In this contribution, we discuss the impact of maximum number of clusters on throughput gain. Furthermore, we discuss the pros and cons of DCI format options for non-contiguous UL RA with single Tx antenna. Finally, we select either of options about the maximum number of clusters and DCI format for non-contiguous UL RA. 
2. The maximum number of clusters
  We have evaluated the effect of the maximum number of clusters on throughput gain for 10MHz and 20MHz assuming the required maximum power back-off to meet spectrum mask requirements [2]. The simulation assumptions and results are shown in appendix. The maximum number of clusters assumes 1 (contiguous RA), 2, 3 and 4 (non-contiguous RA), respectively. We assume that UEs with non-contiguous RA have CM based, 5dB and 10dB required maximum power back-off (BO_CM, BO_5dB, BO_10dB), respectively. 
  When the required maximum power back-off is 5dB and bandwidth is 10MHz, non-contiguous RA has 8.9%, 10.6% and 10.7% gain on average cell throughput over contiguous RA for the maximum number of clusters is 2, 3 and 4, respectively. In this case, majority of the gain by non-contiguous RA is achieved when maximum number of clusters equals to 2.
  However, when the required maximum power back-off is 5dB and bandwidth is 20MHz, non-contiguous RA has 12.8%, 17.1% and 18.6% gain on average cell throughput over contiguous RA for the maximum number of clusters is 2, 3 and 4, respectively. In this case, we can see that 3 or 4 clusters have additional gain against 2 clusters. 
Hence, the number of clusters should not be limited by the signaling in terms of the gain by non-contiguous UL RA.
3. DCI format of non-contiguous UL RA for single Tx antenna
The RA scheme depends on the maximum number of clusters. Hence, the maximum number of clusters affects to the available DCI format. In this section, we discuss the pros and cons of DCI format options for non-contiguous UL RA for single Tx antenna. 
Option1: UL DCI format aligned with DCI format 0
  In option1, the size of DCI format for UL non-contiguous RA is aligned with DCI format 0/1A. Table1 shows the size of DCI format for DL and UL when option1 is applied. Based on format0 and 1A, format0’ and 1A’ are used to denote DCI format for UL non-contiguous RA, respectively. Format 0’/1A’ is aligned with DCI format 0/1A. In [3,4], it was proposed that the size of RA for format 0’/1A’ can become same as that of format 0/1A for LTE. In this case, 1 flag bit is needed to distinguish format 0’/1A’ and format 0/1A. In the case of UL BW≤DL BW, format 0 has extra bits, which can be used for flag bit to distinguish format 0 and 0’. In the case of UL BW>DL BW, format 1A has extra bits, which can be used for flag bit to distinguish format 1A and 1A’. Pros and cons are as follows.
Pros
· Format size for non-contiguous UL RA is independent of the format size for DL.

Cons

· Since the maximum number of clusters to be supported is up to 2, the gain by non-contiguous RA can not be maximized. 
· New RA scheme is necessary.

Table 1 DCI format in option1 in the case of UL BW≤DL BW
	
	Size1
	Size2

	DL Tx mode : 1
	Format 0/1A/0’
	Format 1

	DL Tx mode : 2
	Format 0/1A/0’
	Format 1

	DL Tx mode : 3
	Format 0/1A/0’
	Format 2A

	DL Tx mode : 4
	Format 0/1A/0’
	Format 2

	DL Tx mode : 5
	Format 0/1A/0’
	Format 1D

	DL Tx mode : 6
	Format 0/1A/0’
	Format 1B

	DL Tx mode : 7
	Format 0/1A/0’
	Format 1

	DL Tx mode : 8
	Format 0/1A/0’
	Format 2B


Option2: UL DCI format aligned with configured DL DCI formats
  In option2, the size of DCI format for UL non-contiguous RA is aligned with DCI format for Rel-8/9 LTE DL. Table 2 shows the size of DCI format for DL and UL when option2 is applied. Format 1’, 1B’, 1D’, 2’, 2A’ and 2B’ denote DCI format for UL non-continuous RA. The size of Format 1’, 1B’, 1D’, 2’, 2A’ and 2B’ is aligned with Format 1, 1B, 1D, 2, 2A and 2B, respectively. In this case, it is straightforward to reuse the type 0 and/or type1 allocation which is supported Rel-8/9 LTE DL allocation. In this case, the required size for non-contiguous UL RA with single Tx antenna is similar to the size of format 1. Then, it is needed to distinguish the format for UL non-contiguous RA and the format for Rel-8/9 LTE DL. The method which distinguishes these formats using higher layer signalling was proposed in [5]. Pros and cons are as follows.
Pros
· As the number of clusters is not limited by the signaling, the gain by non-contiguous RA is larger than that of option1. 
· The number of clusters is not limited by the signaling if Fomat1, 2 and 2A are utilized for DL. 
Cons
· Format size for non-contiguous UL RA depends on the format size for DL
· As the size of Format 1B or 1D is smaller than that of format1, the maximum number of clusters is limited by 1 or 2.
· As the size of Format 2 or 2A is lager than that of format 1, many padding bits are necessary.
· Higher layer signalling is needed to distinguish the format for non-contiguous UL RA and the format for Rel-8/9 LTE DL.
Table 2 DCI format in option2
	
	Size1
	Size2

	DL Tx mode : 1
	Format 0/1A
	Format 1/1’

	DL Tx mode : 2
	Format 0/1A
	Format 1/1’

	DL Tx mode : 3
	Format 0/1A
	Format 2A/2A’

	DL Tx mode : 4
	Format 0/1A
	Format 2/2’

	DL Tx mode : 5
	Format 0/1A
	Format 1D/1D’

	DL Tx mode : 6
	Format 0/1A
	Format 1B/1B’

	DL Tx mode : 7
	Format 0/1A
	Format 1/1’

	DL Tx mode : 8
	Format 0/1A
	Format 2B/2B’


  We prefer option2 to option1.due to the larger throughput gain not by limiting the number of clusters up to 2. However, option1 can be considered if option2 has the significant drawbacks. Although the throughput gain decreases by limiting up to 2 clusters, it still achieves large throughput gain compared to contiguous RA.
4. Conclusion
  In this contribution, we discussed the impact of maximum number of clusters on throughput gain. 
· In 10MHz, majority of the gain by non-contiguous RA is achieved in the case of 2 clusters.
· In 20MHz, 3 or 4 clusters have additional gain against 2 clusters.
  Furthermore, we discussed the pros and cons of DCI format options for non-contiguous UL RA with single Tx antenna. 
Option1: UL DCI format aligned with DCI format 0
· Format size for non-contiguous UL RA is independent of the format size for DL.

· The maximum number of clusters to be supported is up to 2
· New RA scheme are necessary
Option2: UL DCI format aligned with configured DL DCI formats
· The number of clusters is not limited by the signaling.
· Format size for non-contiguous UL RA depends on the format size for DL
· Higher layer signalling is needed to distinguish the format for UL non-contiguous RA and the format for Rel-8/9 LTE DL.
   We prefer option2 to option1.due to the larger throughput gain not by limiting the number of clusters up to 2. However, option1 can be considered if option2 has the significant drawbacks. Although the throughput gain decreases by limiting up to 2 clusters, it still achieves large throughput gain compared to contiguous RA.
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Appendix 
Table A1 Simulation assumption
	Cell Layout
	Hexagonal grid, 19 sites, 3 cells per site

	UE distribution
	10 UEs uniformly distributed per cell

	Traffic type
	Full buffer transmission

	Bandwidth(BW)@Carrier freq.
	10MHz or 20MHz @ 2GHz

	Inter-site distance
	Case 1: 500m with 3D antenna

	RB number (RB size)
	48 RBs (96RBs) for BW=10MHz (20MHz) 

	PUCCH overhead
	4% for BW=10MHz and BW=20MHz

	SRS bandwidth
	48RBs (96RBs) for BW=10MHz (20MHz)

(distributed FDMA with repetition factor = 2 )

	Max UE number for scheduling
	10 UEs per cell

	Scheduling criterion
	Channel-dependent scheduling based on proportional fairness

	Scheduling resolution
	1 RB for SC-FDMA; 3 RBs (4 RBs) at BW=10MHz (20MHz) for clustered DFT-S-OFDM

	Penetration loss
	20 dB

	UE power class
	23 dBm

	HARQ
	Synchronous Chase Combing with 8 processes

	Power Control (PC)
	Fractional PC with alpha=0.8, Po=-90dBm

	Antennas
	1 x 2

	Fading channel
	6-ray Typical Urban

	UE speed
	3.0 km/h

	Channel estimation
	Ideal channel estimation

	SRS transmission
	Adaptive SRS transmission according to power headroom [6]
48/24/12/4RBs for 10MHz  (PUCCH overhead is 2RB)

96/48/24/4RBs for 20MHz  (PUCCH overhead is 4RB)

Frequency hopping: off
SINR-dependent error [7]

SRS feedback period: 5msec; SRS process delay: 4msec


Table A2 Required maximum power back-off value
	Number of clusters
	BO_CM [dB]
	BO_xdB for spectrum mask [dB]

	
	QPSK
	16QAM
	64QAM
	QPSK
	16QAM
	64QAM

	1
	0.21
	1.13
	1.13
	0.21
	1.13
	1.13

	2
	1.18
	1.76
	1.76
	x=5, or 10

	3
	1.51
	1.98
	1.98
	

	4
	1.84
	2.21
	2.21
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(a) Average cell throughput
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(b) Cell-edge user throughput
Fig. A1 Gain of clustered DFT-S-FDMA with different Cmax against SC-FDMA when BW=10MHz
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(b) Cell-edge user throughput

Fig. A2 Gain of clustered DFT-S-FDMA with different Cmax against SC-FDMA when BW=20MHz

































































































































