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1 Introduction
In RAN1#84 meeting, the following agreement is reached [1].
Agreements:
· At least RB-level multi-cluster transmission (>2) is supported for eLAA PUSCH

· FFS: Detailed design

· FFS: Support of legacy resource allocation for PUSCH

In this contribution, our views on design of multiple clusters for UL LAA are presented.
2 Discussion

In legacy LTE UL, only a single cluster or dual clusters are supported due to relatively high PAR or CM and low demodulation performance of data compared with IFDMA or multiple clusters. If the allocated bandwidth (number of PRB) were large, then the power spectral density (PSD) might be low in the receiver because the maximum Tx power of a UE is limited to 200mW in general. Hence, the SINR of PUSCH might be low for a large number of PRB allocations. If the allocated bandwidth was small, then it would result in another problem.
According to [2], the occupied channel bandwidth must be at least 80% of nominal channel bandwidth. For example, for a nominal channel bandwidth of 20MHz (100 PRB), at least 16MHz (89 PRB) should be occupied (with Tx power of signal). Some solutions are given in the following Section 2.1 to span large bandwidth with relatively high PSD.
2.1 On multiple clusters
There are several methods that can be used to design the multiple clusters for UL LAA. Each method may have different advantages and disadvantages. These methods can meet the requirement of 80% of nominal bandwidth (at least in implementation). In addition, all these methods are applicable to both 20MHz and 10MHz system bandwidth.
· Option 1. To reuse existing dual clusters scheme with the extension to three clusters as shown in Figure 1. These three clusters have identical size of RBG which is S1-S0. In Figure 1 below, the S0 is the start point of the first cluster. The S1 is the end point of the first cluster. The S2 and S3 are the start point of the second and third cluster, respectively. S0 to S3 are RBG index (e.g., in a 20MHz system they are 1, 2, 3, ... , 25). The bit width of the resource block assignment can be reused. This option requires minor standard effort with redefine of S2 and S3.
· Option 2. Similar to that of Option 1, it can be further extended to four clusters. However, the size of clusters (identical size) should be configured in RRC or signalled in a UL grant. If the size of clusters is delivered in a UL grant, then an additional one or two bits should be set aside. This option requires some standard effort with redefine of S1 – S3 and indication of the cluster size.
· Option 3. Similar to that of Option 1, the unit size of a cluster is changed to PRB (i.e., not a RBG). With this change, the bit width of the resource block assignment can’t be reused because it requires more bits.
· Option 4. The allocation state of the number of PRB in spacing (Step) and offset of PRB (Offset) can be used to express which PRB is allocated to a UE as the table in Annex 1. For a 20MHz system and a Step of one to ten PRB, one State of 55 States (i.e., 6 bits) should be indicated to a UE. By selecting of Steps (e.g., only 1, 2, 4, 8 PRB are selected), the total number of States can be reduced. The RB allocation is not very flexible for FDM UEs.
· Option 5. Similar to that of Option 4, only a Step is selected and a bitmap of allocation is used to indicate which offset(s) of PRB is/are allocated. For example, for a 20MHz system (100 PRB), if the Step was 7, the offset of PRB (Offset) are 0, 1, 2, …, 13. That is, a bitmap of 14 bits would be used for the PRB allocation.
· Option 6. Similar to that of Option 1 above, this Option is illustrated as shown in Figure 2. First, the system bandwidth is divided into 2 parts with identical size. Secondly, the clusters information is only expressed in the first part while it is the same (or mirrored) in the second part. For example, for a 20MHz system (100 PRB), both of the two parts are 50 PRB while the RBG size is 3 PRB (2 PRB for the last RBG). The resource block assignment is 12 bits in 50 PRB with the RBG size of 3 PRB. This will reduce 2 bits from a 100 PRB with the RBG size of 4 PRB. The reduced 2 bits can be available for asynchronous HARQ process ID [3]. After the allocation, the allocation information is copied to the second part. By this way, 6 or 8 clusters (even more in 4 parts separation) can be achieved.
· Option 7. Similar to that of Option 6 above. First, the system bandwidth is divided into 10 parts with identical size (10 PRB each). Secondly, the clusters information is only expressed in the first part while it is the same (or mirrored) in the second and other parts. For example, for a 20MHz system (100 PRB), these 10 parts are 10 PRB while the RBG size is one PRB. The resource block assignment is 9 bits in 10 PRB with the RBG size of one PRB. This will reduce 5 bits from a 100 PRB with the RBG size of 4 PRB. The reduced 5 bits can also be available for asynchronous HARQ process ID / RV [3]. After the allocation, the allocation information is copied to the second and other parts.
· Option 8. The resource allocation type 0 is reused with additional indication (or configuration) of the number of clusters (or spacing of clusters). The resource allocation type 0 indicates the first PRB index 
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 and size of cluster (in unit of PRB) for the first cluster. The size of each cluster is the same. The spacing of clusters can be deduced from the number of clusters because the spacing of clusters multiplied with the number of clusters equals the system bandwidth (
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). For the second cluster, the first PRB index is the first PRB index for the first cluster with additional spacing and modular (
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). The PRB indices for other clusters are computed like that. If the first PRB index is limited to
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, then the bit width of resource allocation type 0 can be reduced. In this case, the number of clusters can be indicated in DCI 0/4.
The possible advantages and disadvantages of each option are summarized in Table 1 below. From this table, the Option 7 (or 6) is promising with less standard effort.
After comparing pros and cons of all the above options, the following proposal and observations are reached.

Proposal 1: To support multiple clusters in UL LAA, Option 7 (or 6) above should be adopted.
Observation 1: The resource block assignment scheme in current DCI 0/4 can be reused.

Observation 2: The reduced bits from resource block assignment in current DCI 0/4 can be set aside for some purpose.
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Figure 1:    Allocation of three clusters                                                Figure 2:    Allocation of 2/4/6/8 clusters
Table 1: Possible advantages and disadvantages
	
	Maximum number of clusters
(Unit)
	Advantages
	Disadvantages

	Current scheme

(Single / Dual clusters)
	2
(RBG)
	It can reuse resource block assignment bits.
Better performance in demodulation.

Flexible in cluster size.
	Low PSD (low SINR) in large resources allocation.

	Option 1
	3
(RBG)
	It can reuse resource block assignment bits.
Better performance in demodulation.
	The cluster size must be the same.
Not much flexible in cluster size because of the same (or almost the same) cluster size in PRB for each cluster.

	Option 2
	4
(RBG)
	More clusters.
It can reuse resource block assignment bits if the size of cluster were configured by RRC.
	Additional bits should be set aside for the size of cluster. By the way, it can be configured in RRC.
Not much flexible in cluster size because of the same (or almost the same) cluster size in PRB for each cluster.

	Option 3
	3 or 4
(PRB)
	Better granularity in resource allocation.
	More bits required for a DCI.

	Option 4
	10 or more
(PRB)
	Fewer bits required for a DCI.
	Equal number resource allocation for FDM UEs. That is, lack of flexibility in resource allocation.

	Option 5
	10 or more

(PRB)
	High flexibility in resource allocation.
	Compared with Option 1/2/6, low performance in demodulation of data.

	Option 6
	6 or more

(RBG for half/quarter system bandwidth)
	Fewer bits required for a DCI.
Higher performance in demodulation of data.
	A bit more complexity.

	Option 7
	10
(RBG in size of one PRB)
	Fewer bits required for a DCI.
High flexibility in resource allocation.
	A bit more complexity.

	Option 8
	Dependent on indication (or configuration)
(PRB)
	It is easy to implement because the resource allocation type 0 is reused.
	The number of clusters (or spacing of clusters) should be indicated (or configured) with additional bits.


2.2 On DM-RS generation
In legacy dual clusters, the generation of DM-RS for PUSCH is based on clusters. That is, the first part of the generated DM-RS is assigned for the first cluster and the second part of the generated DM-RS is assigned for the second cluster.
If multiple clusters were supported in UL LAA, then the DM-RS can be generated in order of PRB index shown as (a) in Figure 3. That is, the legacy scheme can be reused. It can also be generated in spacing of cluster. For instance, it is generated for all PRB with the same spacing of cluster start from the lowest PRB index (i.e., not in order of PRB index) shown as (b) in Figure 3, and further. In addition, the DM-RS can be generated for one PRB while it is copied to the other PRB shown as (c) in Figure 3.
Among these 3 methods, the solution (c) is the easiest one, but the demodulation performance might not be much good. The solution (b) is a bit complicated and the demodulation performance might still not be much good. The solution (a) (i.e., the legacy scheme) is promising. In a word, the following proposal is reached.
Proposal 2: The legacy scheme for generation of DM-RS for PUSCH (i.e., cluster based) can be reused.
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Figure 3: Generation of DM-RS for multiple clusters based PUSCH
3 Conclusion
In this contribution, several aspects of multiple clusters in UL LAA have been discussed. The following proposals and observations are given.
Proposal 1: To support multiple clusters in UL LAA, Option 7 (or 6) above should be adopted.
Observation 1: The resource block assignment scheme in current DCI 0/4 can be reused.

Observation 2: The reduced bits from resource block assignment in current DCI 0/4 can be set aside for some purpose.

Proposal 2: The legacy scheme for generation of DM-RS for PUSCH (i.e., cluster based) can be reused.
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Annex
Annex 1: Table of states for Option 4 in the Section 2.1.

	Number of PRB in Spacing
(Step)
	Offset of PRB
(Offset)

Offset=0, …, Step-1
	State
(State)

State= (0 + … + Step-1) + Offset
	Number of PRB available
	Notes

	1
	0
	0
	100
	All bandwidth

	2
	0, 1
	1, 2
	50
	

	3
	0, 1, 2
	3, 4, 5
	33

Or 34
	It can be reduced to 30 PRB. For example, by dropping last 3 or 4 PRB.

	4
	0, 1, 2, 3
	6,7,8,9
	25
	

	5
	0, 1, 2, 3,4
	10,11,12,13,14
	20
	

	6
	0, 1, 2, 3,4,5
	15,16,…,19,20
	16

Or 17
	It can be reduced to 16 PRB. For example, by dropping last one PRB.

	7
	0, 1, 2, …,6
	21,22,23,…,27
	14

Or 15
	It can be reduced to 12 PRB.

	8
	0, 1, 2, …,7
	28,29,30,…,35
	12

Or 13
	It can be reduced to 12 PRB.

	9
	0, 1, 2, …,8
	36,37,38,…,44
	11

Or 12
	It can be reduced to 10 PRB.

	10
	0, 1, 2, …,9
	45,46,47,…,54
	10
	

	11
	0, 1, 2, …,10
	55,56,57,…,65
	9

Or 10
	

	12
	0, 1, 2, …,11
	66,67,68,…,77
	8

Or 9
	

	...
	
	
	
	

	16
	0, 1, 2, …,15
	120,121,…,125
	6

Or 7
	It can be reduced to 6 PRB.
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