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1 Introduction

In RAN1#55bis, it was agreed that UL non-contiguous resource assignment within a component carrier would be supported in LTE-A, but the related DCI formats are not yet decided and need a further discussion. Some companies have already given their opinions on this topic in [1-6].

In this paper, we analyze some criteria and possible solutions, and then give our views on this topic.
2 Criteria
In [1], a list of design criteria has been provided. And here, to guide the selection of UL non-contiguous RA scheme, we also share our views on design criteria.
(1) Limiting the number of blind decodings is desirable.
More blind decoding attempts mean higher decoding complexity and false alarm probability, so limiting the number of DCI payload sizes is desirable, at least keeping the same DCI payload sizes as in LTE.

On the other hand, with the enhancement of LTE-A UE decoding capability, the number of supported DCI format sizes per subframe could be further evaluated before nailing down the number of LTE-A maximum blind decodings.
(2) Whether limiting cluster number or not depending on CM, system level simulation results and DCI design
A lower CM value means a higher PA efficiency and larger coverage, so the CM value should be controlled to minimize the power backoff in the UE. In the single-antenna scenario, the CM comparison for different clusters is shown in Appendix A. When every cluster size is the same, the CM value of two clusters is smaller than that of three clusters by 0.3-0.6 dB. When each chunk size is randomly allocated, the CM difference decreases. 
System level simulation results of non-continuous RA with variable maximum cluster number are given in Appendix B. Table 2 showed that without limiting cluster number could achieve marginal performance gain 2.8% comparing with limiting 2 cluster number. Considering lower CM and less RA bits, limiting cluster number is proper. Considering scheduling flexibility, cluster number is related to eNodeB scheduling implementation and it may be not reasonable that DCI design is bundling with limiting cluster number. If one DCI solution only applying limiting clusters case is good, limiting clusters number (i.e.2clusters) can be supported.  
(3) More restricted and complex scheduling is not desirable.

· Promote high packing efficiency and avoid any PUSCH resource holes.
· PUSCH resource allocation should be independent of PUCCH region allocation.
(4) The amount of effort for standardizing UL non-contiguous RA should be minimized.
3 Solutions
3.1 Solution 1: Non-contiguous RA based on Rel-8 DL schemes (Type 0 and/or 1)
In LTE Rel-8 DL, non-contiguous RA has already been supported, so it is natural to reuse the current schemes (RA type 0 and/or RA type 1). 
Blind detection: 16 more blind detections are required to support the additional PDCCH candidates when non-contiguous RA is configured for a UE. 
Scheduler: Considering the flexibility and complexity, it’s the same as in LTE Rel-8 DL. 
3.2 Solution 2: Non-contiguous RA only occurs when DL transmission mode supporting non-contiguous RA.
In [3], the UL format is introduced to match with DL DCI formats. By doing so, the RA signalling for UL assignments can be naturally made similar to that of DL type 0 and type 1 RA signalling when DCI formats 1, 2, and 2A are applicable. For the cases when DCI formats 1B and 1D are applicable, it is possible not to introduce the multi-cluster UL signalling. 
In [2], it is mentioned the co-scheduled solution, i.e. constrain assignment of a particular UL transmission mode to only occur when the corresponding DL transmission mode is assigned where both have same DCI format size.

Blind detection: the same as in LTE Rel-8.
Scheduler and Performance: There are some channel quality differences between UL and DL, so introducing RA and transmission mode restriction may be not proper and needs further study.
3.3 Solution 3: Only supporting two clusters by reusing DCI format 0
To simplify UL RA design and reduce DCI signalling overhead, it is considerable to limit the number of clusters within each CC. In Contribution [4-6], 2 clusters are assumed.
In [4] (figure 1), Rel-8 contiguous RA is adopted for each cluster and RBG concept is introduced.

In [5, 6] (figure 2), ‘choosing M from N’ based approach is introduced.
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Figure 1 Rel-8 contiguous RA type for each cluster
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Figure 2 ‘choosing M from N’ based approach
Blind detection: For single-antenna transmission, it’s the same as in LTE Rel-8.
CM: Only supporting 2 clusters may be useful to enforce a limit to the CM.

Performance: In contribution [4], link and system level results show that limiting the number of clusters to 2 is sufficient for capturing practically all throughput gains with non-contiguous RA.
3.4 Solution 4
At most 2 clusters could be supported, with each cluster configured by a scheduling grant. For single-antenna transmission mode, the scheduling grant could be DCI format 0 as shown in figure 3 (same as Rel-8). For UL SU-MIMO transmission mode, non-contiguous resource allocation could be supported in the SU MIMO grant, not discussed here. Alternatively, each grant may be a new format of same size as format 0 (e.g., format 0a).
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Figure 3 Reusing Rel-8 UL grants for two clusters
Blind detection: The maximum blind detections are the same as in LTE Rel-8.
Performance: Both grants need to be received correctly. 
4 Conclusions
In this paper, we list some design criteria related with UL non-contiguous RA:
· Limiting the number of blind decodings is desirable.
· At least keeping the same DCI payload sizes as in LTE.
· More restricted and complex scheduling is not desirable.

Given the small potential gains for non-contiguous RA and that non-contiguous RA is not needed to meet any requirements for LTE-A, the amount of effort for standardizing the feature should be minimized. The solutions most similar to Rel-8 are reusing the DL DCI type 0 and/or 1 (solution 1) and using two grants to allocate two clusters (solution 4).
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Appendix A. CM values in the non-MIMO case
Simulation assumptions: 20MHz bandwidth and the frequency position of each chunk randomly changed per symbol; and CM calculation is
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Table 1. CM values in non-MIMO case
	
	Clustered DFT-S-OFDMA
(Same cluster size)
	Clustered DFT-S-OFDMA
(allocate random size for each cluster)
	Localized DFT-S-OFDMA

	
	numbers of clusters
	number of clusters
	

	
	2
	3
	4
	2
	3
	4
	

	QPSK
	1.9658
	2.5364
	2.8284
	2.93
	3.1146
	3.25
	1.2113

	16QAM
	2.6388
	3.0013
	3.1922
	3.58
	3.6
	3.6778
	2.1546

	64QAM
	2.7971
	3.0927
	3.2923
	3.7
	3.7
	3.752
	2.3934


Appendix B. System level simulation results of non-continuous RA

Simulation assumption for the system level simulation is in Appendix C. From Table2, comparing limiting maximum 2 cluster number and without limiting cluster number, the latter gains 2.8% with average sector throughput.
Table 2. system level simulation results of non-continuous RA with variable maximum cluster number
	
	1 cluster
	2 clusters 
	3 clusters 
	4 clusters
	Without limiting maximum clusters 

	case1
	
	
	
	
	

	Average sector throughput (Mbps)
	8.37(x 1)
	9.05(x 1.081)
	9.23(x 1.102)
	9.28(x1.108)
	9.29(x 1.109)

	Cell edge user throughput (Kbps)
	246.58(x 1)
	242.73(x 0.98)
	241.87(x 0.98)
	239.22(x 0.97)
	240.149(x 0.973)

	case3
	
	
	
	
	

	Average sector throughput (Mbps)
	6.01(x 1)
	6.71(x 1.116)
	6.80(x 1.131)
	6.82(x 1.134)
	6.76(x 1.12)

	Cell edge user throughput (Kbps)
	14.54(x 1)
	13.98(x 0.96)
	13.39(x 0.92)
	13.52(x 0.929)
	14.61(x 1.004)


Appendix C. Simulation assumption for system level simulation of non-continuous RA

Table 3. Simulation Assumption
	Parameter
	Assumption

	PUSCH RA
	Non-contiguous (Clustered DFT-S-OFDMA)

	System BW
	10MHz (50RBs)

	Number of max. UEs within a sub-frame
	10 UEs

	Antenna configuration
	1x2

	UE speed
	3 km/h

	Channel model
	SCM

	Power control
	Open loop and Closed loop power control

	Scheduler
	PF

	Traffic Model
	Full Buffer

	Total UE TX power
	Clustered DFT-S-OFDMA{23 22 21.4}dBm
1cluster: 23dBm, 2clusters: 22dBm, more than 2 clusters: 21.4dBm

	Target BLER
	10%

	Scheduling unit
	3RB

	Channel estimation
	Ideal channel estimation

	EVM
	17dB
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