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1 Introduction

During the RAN1#55bis meeting, non-contiguous data transmission with a single DFT per component carrier (clustered DFT-S-OFDM) was agreed. The PUSCH resource allocation has to handle multiple clusters but also SU-MIMO, as already discussed in [1]-[10]. This contribution presents our views on this topic.
2 PDCCH blind decoding complexity

Introducing new payload sizes for handling uplink clustered DFT-S-OFDM and SU-MIMO will increase the PDCCH blind decoding complexity and the false alarm probability. In order to keep the number of blind detections similar to Rel-8, the payload sizes of new DCI formats should be equal to the existing ones (i.e., size 1 of DCI format 0/1A and sizes 2 of configurable formats 1, 1B, 1D, 2, 2A). As already discussed, e.g., in [7], there are at least two options:
· Define 5 new DCI formats for uplink with same sizes as downlink DCI formats 1, 2A, 2, 1D, 1B and use the uplink format with the same size as the format with size 2 used in downlink (see Table 1)
· Higher overhead, especially when DCI formats 2 and 2A are used in downlink: the size of DCI format 0/1A is never used for multi-cluster single-antenna allocation.
· Another possibility is to use one uplink grant with DCI format 0 per cluster [4], but it also results in higher overhead.
· If single-antenna transmission is used in downlink (e.g., DCI format 1B) and SU-MIMO is configured in uplink, it might be difficult to keep the same DCI format size.
· Define 1 new DCI format for uplink single-antenna transmission with same size as DCI format 0/1A and 2 new DCI formats with same size as SU-MIMO downlink formats 2A and 2 (see Table 2)
· The possibility to schedule UL multi-cluster single-antenna transmission in a compact way is retained.

· It does not work if single-antenna transmission mode is configured in downlink and SU-MIMO is configured in uplink.
Another possibility is to 
· Define 6 new formats for uplink with same sizes as downlink DCI formats 0/1A, 1, 2A, 2, 1D, 1B (see Table 3)
· The possibility to schedule UL multi-cluster single-antenna transmission in a compact way is retained.
· It works if single-antenna transmission mode is configured in downlink and SU-MIMO is configured in uplink. However, it might still be difficult to keep the same DCI format size.
It appears difficult to keep the same number of blind detections as in Rel-8 unless some combinations of uplink and downlink transmission modes are ruled out, like the combination of transmission mode 6 in downlink and multi-cluster SU-MIMO transmission in uplink.
In all these options, a 1-bit flag is necessary to distinguish uplink and downlink grants or to distinguish new format 0 from format 0/1A. It might be an already existing bit (for instance, a padding bit in DCI format 0 when available) or an added bit, added to all relevant uplink and downlink formats, including DCI formats 3 and 3A in case the size of DCI format 0/1A is increased. The additional bit is not necessary in the new DCI format with same size as DCI format 0 if it handles both single- and multi-cluster single-antenna allocations and simply replaces DCI format 0. Indeed, an UL/DL flag is already present to distinguish format 1A from format 0.
3 New DCI format with same size as DCI formats 0/1A

In order to provide a compact DCI format for uplink multi-cluster single-antenna resource allocation, the downlink resource block group (RBG) used in downlink can be reused in uplink (e.g., [2][8]). Several constraints can be included in order to limit the DCI format size:

· Limit the number of clusters to find a good compromise between performance and signalling overhead:

· E.g., 2 or 3 clusters considering results in [1][2][9][10]
· Restrict the size of clusters: 
· Keep clusters with equal size ([4] shows that CM is lower with clusters having equal size)

· Total size of clusters multiple of 2, 3 or 5 RBs

· Do not allow frequency hopping on top of multi-cluster allocation

	Search space
	DL Tx mode
	Size 1
	Size 2

	Common
	1 to 7
	0/1A
	1C

	UE-Specific
	1, 2, 7
	0/1A
	1 and new1

	
	3
	0/1A
	2A and new2A

	
	4
	0/1A
	2 and new2

	
	5
	0/1A
	1D and new1D

	
	6
	0/1A
	1B and new 1B


Table 1: Insertion of 5 new DCI formats new1, new2A, new2, new1D and new1B [7].
	Search space
	DL Tx mode
	Size 1
	Size 2

	Common
	1 to 7
	(0 and/or new0)/1A
	1C

	UE-Specific
	1, 2, 7
	(0 and/or new0)/1A
	1

	
	3
	(0 and/or new0)/1A
	2A and new2A

	
	4
	(0 and/or new0)/1A
	2 and new2

	
	5
	(0 and/or new0)/1A
	1D

	
	6
	(0 and/or new0)/1A
	1B


Table 2: Insertion of 3 new DCI formats new0, new2A and new2 [7].

	Search space
	DL Tx mode
	Size 1
	Size 2

	Common
	1 to 7
	(0 and/or new0)/1A
	1C

	UE-Specific
	1, 2, 7
	(0 and/or new0)/1A
	1 and new1

	
	3
	(0 and/or new0)/1A
	2A and new2A

	
	4
	(0 and/or new0)/1A
	2 and new2

	
	5
	(0 and/or new0)/1A
	1D and new1D

	
	6
	(0 and/or new0)/1A
	1B and new 1B


Table 3: Insertion of 6 new DCI formats new0, new1, new2A, new2, new1D and new1B.

4 Summary

Based on the discussion above, we propose that the uplink resource allocation design should as much as possible

· Keep the same DCI format payload sizes as in Rel-8 in order to have same blind decoding complexity
· Put appropriate resource allocation constraints in order to get a compact multi-cluster single-antenna uplink DCI format with same size as DCI format 0/1A
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