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1 Introduction

In RAN1 #61, the following way forward [1] was agreed and updated after the email offline discussion for uplink non-contiguous transmission in LTE-A:

· For single Tx antenna 
· Select one from the following two options 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)

· Size of each cluster is one of the following: 
· N x 1RB, N x 2RBs, N x 3RBs, N x 4RBs or N x 5RBs (N is an integer) 
· Above number of values may be further reduced

· All clusters within one PUSCH transmission have the same resource granularity
Contributions [2]-[8] discussed on the cluster number and related DCI format design for uplink non-contiguous resource allocation. In this contribution, the possible solutions for DCI format design are further discussed by focusing on the two options described in the abovementioned way forward. 
2 DCI format design for the option with 2 clusters
Based on the simulation results shown in [9], limiting cluster number to 2 has small impact on the system performance. To support 2-cluster transmission, RA scheme other than RA type 0/1/2 supported in Rel-8 needs to be designed, which is discussed in section 2.1. 

In RAN1#61, it was agreed to support dynamic switching between Rel.8 single cluster transmission and Rel.10 multi-cluster PUSCH transmission [10]. How to support this function is discussed in section 2.2.
2.1 Candidate methods of resource allocation
In LTE Rel-8, DCI format 0 with Type 2 RA (Resource Allocation) is used for 1-cluster PUSCH transmission. To support 2-cluster PUSCH transmission with UL DCI format aligned with DCI format 0, the RA field of DCI format 0 needs to be redesigned.
Solution 1: type 2 RA for each cluster with limited bandwidth [3]
As shown in figure 1, a cluster span measured by bandwidth is defined for each cluster. Type 2 RA is used for each cluster within the defined cluster span. For example, the first cluster span can be located on the lower frequency part and the second cluster span can be located on the higher frequency part. The RA field size is given by
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 represents the cluster span in terms of the number of RBGs, with the assumption that the same span size is used for the two clusters. Here the exact size of RBG may or may not be equal to that of downlink.
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Figure 1 Solution 1: Type 2 RA for each cluster with limited bandwidth
It is noted that given the RA field size and the system bandwidth, the larger the granularity, the larger the cluster span. The cluster span size for different BWs can be found in Table1, with the assumption that the RBG size is the same as in downlink and the hopping flag is also used for RA as proposed by [3].
Solution 2: Choosing M from N 
As shown in Figure 2, each cluster is indicated by 2 locations, the start and the end of it. Choosing the 4 locations of the start and the end for the two clusters from N RBGs can reuse the method for aperiodic CQI reporting in Rel-8, where M subbands are selected out of N subbands. 
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Figure 2 Choosing M from N - general concept
 However, if a cluster only contains one RBG, the start and the end of the cluster are of the same location, and choosing 4 from N does not apply. 
The following solutions can be used to also indicate such RA allocation:

· Solution 2A: The 2-cluster RA can be classified to three types: 4 points, 3 points (which includes two possibilities) and 2 points, shown in Figure 3, where cluster A refers to the cluster at the left side, and cluster B refers to the cluster at the right side. The RA field size is then of 
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 is the bandwidth span that supports non-contiguous RA in terms of the number of RBGs. 

[image: image8.emf] 

“ Start ”   “ End ”  

“ Start ”   “ End ”   “ Start & End ”  

Cluster A contains  single RBG  

Cluster B contains  single RBG  

Both clusters  contain single RBG  

“ Start & End ”   “ Start & End ”  

“ Start & End ”  

“ Start ”   “ End ”  

Both clusters  contain more than  one RBG    

“ Start ”   “ End ”  


Figure 3  Solution 2A: Choosing M from N –by listing all the possible allocations
· Solution 2A’: According to the RA field size obtained in solution 2A:
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, it is equivalent  to add two virtual RBGs [7] for the two clusters respectively. The cluster contains only one RBG is indicated by choosing the virtual RBG as the start or the end, as shown in Figure 3A..
· 
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Figure 3A  Solution 2A’: Choosing M from N with two virtual RBGs 
· Solution 2B: to add one virtual RBG [8] for one of the two clusters. As shown in Figure 3B, only one virtual RBG is added at the right end to indicate whether cluster B contains only one RBG or not. If cluster A contains only one RBG, its end is set next to the start of cluster B, which is not a valid multi-cluster transmission case. The single virtual RBG can be also added at the left end to indicate whether cluster A contains only one RBG or not, and the start of cluster B is set next to the end of cluster A if cluster B contains only one RBG. The resource block assignment field size turns to be 
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Figure 3B  Solution 2B: Choosing M from N with one virtual RBG
Assuming the same RBG size as in the downlink, the bandwidth span 
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that supports non-contiguous RA is summarized in table 1 for each method.
Table 1 summary of resource allocation flexibility for different solutions
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	15 (3MHz)
	25 (5MHz)
	50 (10MHz)
	75 (15MHz)
	100 (20MHz)

	RBG size (PRB)
	2
	2
	3
	4
	4

	Number of RBGs
	8
	13
	17
	19
	25

	RA filed size of DCI format 0 (bits)
	7
	9
	11
	12
	13

	Cluster span size (RBGs) of solution 1
	5
	7
	10
	10
	15

	Bandwidth span supporting non-contiguous RA (RBGs) by solution 2A and 2A’
	7
	10
	14
	17
	20

	Bandwidth span supporting non-contiguous RA (RBGs) of solution 2B
	8
	11
	15
	18
	21


For 2 clusters with UL DCI format aligned with DCI format 0, both solution 1 and solution 2 can be applied to indicate non-contiguous resource allocation by redesigning the RA field in DCI format 0. 
From table 1, it can be seen that given the same granularity as in downlink, both solutions cannot support full scheduling flexibility (with exception in case of small BW for solution 2). Scheduling restriction on solution 2 can be limiting the bandwidth span into the central system BW. E.g., with 20MHz system BW, the central 20 or 21 RBGs are used to support non-contiguous transmission. Considering PUCCH is usually located at the band edges, this restriction may be acceptable. On the other hand, the larger distance of the two clusters, the larger unwanted emission, so this restriction may be good to the system when MPR is considered.
For solution 1, the two cluster spans are not necessarily to be the same. If the two cluster spans are the same, the cluster span is the same as the bandwidth span supporting non-contiguous RA discussed for solution 2. The same restriction on solution 2 mentioned above will result in much more RBGs not supporting non-contiguous transmission. E.g., with 20MHz system BW, only 15RBGs out of 25RBGs are applied. Another restriction on solution 1 can be to limit the 2 cluster spans onto the two ends of the system bandwidth respectively. However, this restriction precludes the resource allocation cases that both clusters are belonging to one cluster span but not belonging to the other cluster span. As shown in figure 4, both clusters are within the first cluster span but out of the second cluster span. The cases precluded by such restriction are with small distance between the two clusters and it may not be good to the system when MPR is considered.
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Figure 4 illegal RA by solution 1when the two cluster spans are not exactly the same 
Therefore we propose:
For 2 clusters with UL DCI format aligned with DCI format 0, solution of choosing M ‘start’ and ‘end’ locations for the two clusters from N RBGs is preferred.
2.2 Dynamic fallback to Rel-8 single cluster transmission
In RAN1#61, it was agreed to support dynamic switching between Rel.8 single cluster transmission and Rel.10 multi-cluster PUSCH transmission [10]. 3 options to support this function are listed below:

Option 1: Use padding bit to differentiate contiguous and non-contiguous RAs

In LTE Rel-8, the payload size of DCI format 0 and DCI format 1A is aligned. If the uplink bandwidth is not larger than the downlink bandwidth, the original size of DCI format 0 is at least one-bit shorter than that of DCI format 1A. In order to align the payload size with DCI format 1A, the padding bits was added to DCI format 0. This bit can then be used to differentiate contiguous and non-contiguous uplink transmission.

Pros:

· Keep the same size as for Rel-8 DCI format 0.
Cons:

· Such bit is not available if DL BW is smaller than UL BW.

Option 2: Add one extra bit to differentiate contiguous and non-contiguous RAs
One extra bit can be added in DCI format 0 as a flag to differentiate contiguous and non-contiguous RAs, which requires different size from Rel-8 DCI format 0. To maintain the required maximum blind decoding attempts, this bit will be added to DCI format 1A, too. Both DCI format 1A and DCI format 0 with additional bit cannot be scheduled in common search space.
Pros:

· Simple and straightforward
Cons:

· New payload size of DCI format 0/1A is needed. DCI format 0/1A with additional bit cannot be scheduled in common search space.
Option 3: Reuse hopping flag bit to differentiate contiguous and non-contiguous RAs

In RAN1 #60, it was agreed that frequency hopping is not supported simultaneously with non-contiguous PUSCH resource allocation [11]. Then the frequency hopping in DCI format 0 is meaningless when non-contiguous transmission resource allocation is applied. If supporting of non-contiguous transmission is configured by RRC signalling, hopping flag can be used for dynamic switching between contiguous and non-contiguous RA, as shown in table 2. 
Table 2  RA type interpretation in DCI format 0
	
	RRC signalling for non-contiguous transmission set to ‘True’
	RRC signalling for non-contiguous transmission set to ‘False’

	Hopping flag bit set to ‘1’
	Non-contiguous transmission
	Contiguous transmission with hopping

	Hopping flag bit set to ‘0’
	Contiguous transmission without hopping
	Contiguous transmission without hopping


Pros:

· Keep the same size as for DCI format 0.

Cons:

· RRC signalling is needed. 
Proposal: To support dynamic switching between Rel.8 single cluster transmission and Rel.10 multi-cluster PUSCH transmission, reusing hopping flag bit is preferred if RRC signalling is used to configure non-contiguous RA.

3 DCI format design for the option with unlimited clusters
With this option, discontinuous RA type 0/1 used for the downlink can be reused. If RA field for DCI format 0 is replaced by RA type 0/1, the payload size is increased. Due to the conclusion made at RAN1 #61 meeting that ‘No additional blind decodings to support non-contiguous UL RA’[10], padding is needed when unlimited clusters are supported and the size of the DCI format for non-contiguous transmission is not equal to that of DCI format 0. Specifically, padding can be used to align UL DCI format with configured DL DCI formats [1], e.g. DCI formats 1/1B/1D/2/2A. This padding brings additional overhead and makes the option with unlimited clusters less attractive.
In this case, the size of the DCI format supporting non-contiguous transmission will be larger than that of DCI format 0, and the dynamic fallback to contiguous resource allocation depends on blind decoding.
Note that it is necessary to distinguish the newly introduced UL DCI format from the configured DL DCI format, e.g., by introducing an additional bit.
In table 2, the two options are compared according to performance, overhead and required standard effort. The option with 2 clusters is slightly preferred due to the small overhead at the cost of slightly worse performance.
Table 2 Comparison between the option with 2 clusters and the option with unlimited clusters

	
	Option with 2 clusters
	Option with unlimited clusters

	Performance
	Slightly worse
	Slightly better

	Signalling overhead
	Small
	Big

	Required standard effort
	New RA scheme 
	Padding to align UL DCI format and configured DL DCI formats 

	
	Dynamic fallback to Rel-8 single cluster transmission.
	Differentiating between UL DCI format and the aligned DL DCI format


4 Conclusion
In this contribution, the possible solutions for DCI format design for UL non-contiguous transmission are discussed. 2 clusters with UL DCI format aligned with DCI format 0 is slightly preferred, with RA scheme of choosing M ‘start’ and ‘end’ locations for the two clusters from N RBGs. Hopping flag bit can be used to support dynamic switching between Rel.8 single cluster transmission and Rel.10 multi-cluster PUSCH transmission if RRC signalling is used to configure non-contiguous RA. 
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