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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In order to support UL multiplexing by FDM while fulfilling the requirement of a transmission in unlicensed spectrum occupying no less than 80% of the system bandwidth, a new PUSCH waveform was identified in RAN1#80bis: 
· For PUSCH, extending the current single and dual cluster allocation to multi-cluster (>2) allocation (e.g. RBs/subcarriers spaced uniformly in frequency) is identified as a candidate waveform that satisfies regulatory requirements and maximizes coverage
· FFS: Number of clusters needed
· FFS: Size of each cluster
· FFS: Spacing between clusters or subcarriers

A further agreement was made in RAN1#84:
· 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, further investigations for the RB interleaved PUSCH in LAA SCell are discussed.
[bookmark: _Ref129681832]Resource allocation for RB-interleaved PUSCH
There are several requirements for the unlicensed spectrum usage, including the occupied channel bandwidth is required to be between 80% and 100% of the declared nominal channel bandwidth by ETSI, the transmission power in a narrow band, e.g., within the frequency band 5250-5350 MHz, shall be limited to a maximum mean EIRP density of 10 mW/MHz in any 1 MHz band [1].
Framework of resource allocation design
It is desirable that the PUSCH resource allocation allows multiplexing (by FDM) of UEs within a subframe. Simultaneous access to the channel could be enabled both by narrow-band Clear Channel Assessment (CCA) or wide-band CCA together with alignment of LBT parameters [6]. In terms of PUSCH resource allocation, FDM among UEs would be considerably more difficult with variable cluster spacing. For example, to orthogonally multiplex two allocations with different cluster spacing (i.e., the distance in number of PRBs between two clusters), G1>1, G2>1 and G1<G2, without overlap for any number of allocated PRBs, the remainder of G2/G1 should be equal to zero. Then it is possible to find an offset value for the starting PRB index of the cluster, 1,…,G1-1,  such that allocations under cluster spacing G1 do not overlap with allocations under cluster spacing G2. Allowing different cluster spacing would therefore make the scheduling complex and is also requiring much more signalling bits in the DCI. Hence, the flexibility of variable cluster spacing may not be warranted. Furthermore, the Cubic Metric (CM) typically increases the more clusters that are allocated, especially if the cluster spacing is not fixed.
Observation 1: Equal frequency spacing among adjacent clusters simplifies the resource allocation scheme and has benefits for channel estimation and CM.
Considering the power spectral density limitation, if cluster sizes are different, the allowed UE maximum transmit power could depend on the largest cluster. For example, suppose 2 PRB pairs are allocated in the first cluster while 4 PRB pairs are allocated in the second cluster and the UE transmit power is set to P=10 dBm. Then, in the first cluster the UE transmit power for one PRB pair is 7 dBm (P/2 per PRB pair) while for the second cluster, the UE transmit power for one PRB pair is 4 dBm (P/4 per PRB pair). Considering that equal transmit power should be used for each PRB, the allowed UE maximum transmit power for one PRB pair would be 4dBm. Hence, the resource allocation scheme should at least support allocations of same cluster size.
Observation 2: Unequal cluster sizes of allocated PRB pairs may reduce the transmit power of the UE.
A general design framework for the RB-interleaved PUSCH resource allocation could be that the transmission bandwidth (e.g., 100 RB pairs in a 20 MHz carrier) is divided into N subbands, and in each subband there is at least one cluster. Considering the PSD limitation within each 1 MHz bandwidth is 10mW as presented above, it is not appropriate to divide the transmission bandwidth into too many subbands due to the UE transmit power efficiency would be impacted. For example, less than six (<=5) RB pairs in one subband which spans 0.9 MHz can be not considered since the distance between clusters may be no more than 1MHz at most of the cases. Moreover, considering the minimum requirements of occupied bandwidth, the occupied bandwidth should be no less than 89 RB pairs which spans 89*180KHz=16.02MHz since 80% of 20MHz is 16MHz. The following Fig. 1 illustrates the channel bandwidth, transmission bandwidth configuration and occupied bandwidth in an LAA SCell. This denotes the possible allocated first RB pair should be one of the first 12 RB pairs in the configured bandwidth. Then the number of RB pairs in each subband should be no more than 12.


Fig. 1 channel bandwidth, transmission bandwidth configuration and occupied bandwidth in LAA SCell 
As a result, the number of RB pairs in each subband should be between 6 and 12. For design simplicity, the number of RB pairs in each subband could be 10 since the transmission bandwidth configuration of 100 RB pairs as well as 50 PRB pairs is divisible by 10. 
To support maximum flexibility for resource allocation, independent resource allocation within each subband could be adopted. However, it may not be efficient from some perspectives such as PSD limitation, channel estimation and CM point of view. Therefore, it is proposed to have the same resource allocation in each subband in the LAA SCell. Only the resource allocation within one subband needs to be indicated.
The number of clusters within a subband could be one or two. The benefit of supporting one cluster per subband is low DCI signalling overhead and low CM. Since at least 10 clusters are used, it is not envisaged that there are any additional frequency diversity gains by using more than one cluster per subband. The benefit of supporting two clusters per subband is that at least 1 PRB pair could be allocated to each 1 MHz of the carrier (i.e., 2 clusters per subband (2 MHz)), which may allow using higher transmit power (albeit larger power backoff could be needed due to the increased CM) than a single cluster. Hence, since a subband is 2 MHz wide, there would in any case be no need for more than 2 clusters per subband. 
Proposal 1: The uplink transmission bandwidth is divided into 10 subbands. The PUSCH resource allocation is indicated within a subband and the same resource allocation applies to each subband. At most two clusters are allocated in one subband.
Resource allocation and indication in one subband
Following the resource allocation framework, in the following resource allocation methods for one or two clusters per subband are provided.
Reuse of the existing resource allocation type within a subband
The existing PUSCH resource allocation allows single or dual clusters, which could be easily extended by supporting one or two cluster per subband.
One cluster per subband
The resource allocation is reusing uplink resource allocation type 0 within each subband and repeats the allocation in all subbands, see Fig. 2. Hence, the cluster spacing is fixed and there is one cluster per subband. The resource allocation is represented by a value, the Resource Indication Value (RIV), indicating the starting PRB index and the length, which will require  bits, i.e., 6 bits when  PRB pairs. Table A1 in Appendix contains the values for the resource allocation.



[bookmark: _Ref447221004]Fig. 2. Resource allocation with 1 cluster per subband where each cluster consists of 3 PRB pairs.
Two clusters per subband
Alt. 1: Resource allocation type 1
The resource allocation is reusing uplink resource allocation type 1 within each subband and repeats the allocation in all subbands, see Fig. 3. Hence, the cluster spacing is fixed (among the first clusters, and among the second clusters) and there are one or two clusters per subband. The existing formulas for type 1 allocation are reused with , which will require  bits, i.e., 9 bits when  PRB pairs.



Fig. 3. Resource allocation with 2 clusters per subband where one cluster consists of 3 PRB pairs and one cluster consists of 1 PRB pair.
Alt. 2: Resource allocation type 0
Each subband is divided into two groups and uplink resource allocation type 0 is made within each group and repeats the allocation in every other group, see Fig. 4.  Hence, the cluster spacing is fixed (among corresponding groups n  and n+2) and there are up to two clusters per subband. In this case, it is possible to let one of the RIVs denote that no allocation is made in the group, which implies that only 1 cluster per subband will be allocated, i.e., the resource allocation falls back to that shown in Fig. 1. The resource allocation is represented by two RIVs, which will require  bits, i.e., 8 bits when  PRB pairs.



[bookmark: _Ref447221139]Fig. 4.  Resource allocation with 1 cluster per group where one cluster consists of 3 PRB pairs and one cluster consists of 1 PRB pair.
Observation 3: Uplink resource allocation type 0 or type 1 can be used in each subband to indicate PUSCH for eLAA.
Special resource allocation design for the RB interleaved PUSCH
As discussed in section 2.1, unequal cluster sizes of allocated PRB pairs may reduce the maximum allowed transmit power of the UE and therefore not preferred. However, if odd number of RB pairs is allocated in one subband, it is inevitable the sizes of two clusters are unequal. Also equal frequency spacing between clusters cannot be strictly satisfied. Therefore, it would be sensible to assume the cluster size is always equal for even number of PRB pairs allocated within a subband and different by 1 PRB pair for odd number of PRB pairs allocated within a subband.  At the same time, frequency spacing between clusters is equal or differs by 1 PRB pair. Following this rule, the final allocated location of RB pairs could be obtained by shifting predefined resource patterns as discussed below.
For the cases with 1, 10 RB pairs allocated in one subband, only one cluster is used in one subband. The predefined resource pattern could be the first RB pair and all of the RB pairs in one subband respectively. For other cases of even number of RB pairs like 2, 4, 6, 8 allocated in one subband, the predefined resource pattern could be two clusters which starts at the RB index #0 and RB index #5 respectively, and with equal size of RB pairs. For example, if four RB pairs are assigned in one subband. The predefined pattern is as shown in Fig. 5. The location of actual allocated RB pairs in one subband could be shifted by 0, 1, 2, 3 RB which is also shown in Fig. 5.



[bookmark: _Ref446430321]Fig. 5. Example of resource allocation in one subband for 4 RB pairs
For the cases with odd number of RB pairs allocated in one subband like 3, 5, 7, the resource allocation for each of them could be based on two kinds of predefined patterns. Take the assigned number of RB pairs in one subband is 3 as an example, the left and right figure in Fig. 6 shows the two kinds of predefined patterns. If only one of the two patterns is used, there may be a resource hole with one RB pair. For example, if only the 1st pattern in the left figure of Fig. 6 is supported, when the resource allocation with shifting by 0RB is allocated to UE1, the RB index #6 can only be assigned to a UE which the number of allocated RB pair in one subband is 1. Otherwise, RB index #6 would be a resource hole which can never be allocated to other UEs since the “paired” RB index #1 has already been used by the UE1. With the 2nd pattern also supported, the resource hole can be patched. For example, the resource allocation with shifting by 0RB by the 1st pattern can be allocated to UE1, while the resource allocation with shifting by 7RB by the 2nd pattern can be allocated to UE2. Then the resource in one subband could be efficiently used.



Fig. 6.  Example of resource allocation in one subband for 3 RB pairs
The actual assigned RB pairs for a UE can be achieved by shifting the base resource allocation pattern. The base resource allocation patterns for each number of RB pairs in one subband is designed as listed in Table. 1. It is noticed that the actual assigned RB index in one subband is at most with 69  states with all the patterns and value of shifting supported.. Moreover, by restricting the candidate value of shifting for some of the resource patterns, or if allocating 7 RB pairs in one subband is not supported, it is easy to further decrease the resource allocation categories to be no more than 64 (for example, 59 states) which can be indicated by 6 bits information in DCI. Taking the allocation of 8 or 9 PRB pairs in one subband as examples, indeed there is no need to introduce more than one offset, since this flexibility is not useful considering this can be only multiplexed with the case of allocation of 1 PRB pair in one subband. This kind of restriction on the number of indicating states can be FFS at this stage. 


Assuming the value of resource allocation indication is , the corresponding base resource allocation pattern and the value of shifting (No. of RBs) can be achieved with predefined relationship with  as the example shown in the Table. 1.
[bookmark: _Ref446433764]Table. 1 Base resource allocation patterns for each number of RB pairs in one subband
	
(Resource allocation value)
	No. of RB paris in one subband
	resource allocation pattern (RB #index in the subband)
	Value of shifting  (No. of RBs)

	0~9
	1
	{0}
	
No. value in {0, 1, 2, 3, 4, 5, 6, 7, 8, 9}

	10~14
	2
	{0 5}
	
No. value in {0, 1, 2, 3, 4}

	15~23
	3
	{0 1 5}
	
No. value in {0, 1, 2, 3, 4, 5, 6, 7, 8}

	24~32
	
	{0 1 6}
	
No. value in {0, 1, 2, 3, 4, 5, 6, 7, 8}

	33~36
	4
	{0 1 5 6}
	
No. value in {0, 1, 2, 3}

	37~43
	5
	{0 1 2 5 6}
	
No. value in {0, 1, 2, 3, 5, 6, 7}

	44~50
	
	{0 1 2 6 7}
	
No. value in {0, 1, 2, 4, 5, 6, 7}

	51~53
	6
	{0 1 2 5 6 7}
	
No. value in {0, 1, 2}

	54~58
	7
	{0 1 2 3 5 6 7}
	
No. value in {0, 1, 2, 5, 6}

	59~63
	
	{0 1 2 3 6 7 8}
	
No. value in {0, 1, 4, 5, 6}

	64~65 (54~55)
	8
	{0 1 2 3 5 6 7 8}
	
No. value in {0, 1}

No. value in {0, 1}

	66~67(56~57)
	9
	{0 1 2 3 4 5 6 7 8}
	
No. value in {0, 1}

No. value in {0, 1}

	68(58)
	10
	{0 1 2 3 4 5 6 7 8 9}
	0



Observation 4: Special resource allocation design with predefined resource allocation patterns can be used in each subband to indicate PUSCH for eLAA. 
Observation 5: Further restrictions for the indicating states in Table 1 could be needed considering some cases of multiplexing flexibility are meaningless. 
Handling of invalid PUSCH resource allocation
For all the above methods, cases where the total number of PRB pairs is not a valid allocation, e.g., 70 PRB pairs, could be treated separately. For example, if a RIV indicates 70 PRB pairs, predefined rules could be given as to reinterpret such a RIV to denote a valid allocation (e.g., 64 PRB pairs). This would imply that in some predefined subbands, the cluster size would be smaller. An allocation of 64 PRB pairs could result in 4 subbands having cluster size 7 PRB pairs and 6 subbands having cluster size 6 PRB pairs, etc..
Proposal 2:  The PUSCH resource allocation within a subband is designed by one of the following:
· Reuse of uplink resource allocation type 0 or type 1
· Special resource allocation design with predefined resource allocation patterns 
Proposal 3:  FFS on exceptions for the case of a total allocation of 70 PRB pairs.
Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, further investigations for the RB interleaved PUSCH in LAA SCell are discussed. There are the following proposals:
Proposal 1: The uplink transmission bandwidth is divided into 10 subbands. The PUSCH resource allocation is indicated within a subband and the same resource allocation applies to each subband. At most two clusters are allocated in one subband.
Proposal 2:  The PUSCH resource allocation within a subband is designed by one of the following:
· Reuse of uplink resource allocation type 0 or type 1
· Special resource allocation design with predefined resource allocation patterns 
Proposal 3:  FFS on exceptions for the case of a total allocation of 70 PRB pairs.
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Appendix
Table A1. Resource allocation type 0 used in every subband.
	Resource indication value
	Total number of PRBs
	Number of PRBs per subband
	Starting position within a subband

	0
	10
	1
	0

	1
	10
	1
	1

	2
	10
	1
	2

	3
	10
	1
	3

	4
	10
	1
	4

	5
	10
	1
	5

	6
	10
	1
	6

	7
	10
	1
	7

	8
	10
	1
	8

	9
	10
	1
	9

	10
	20
	2
	0

	11
	20
	2
	1

	12
	20
	2
	2

	13
	20
	2
	3

	14
	20
	2
	4

	15
	20
	2
	5

	16
	20
	2
	6

	17
	20
	2
	7

	18
	20
	2
	8

	20
	30
	3
	0

	21
	30
	3
	1

	22
	30
	3
	2

	23
	30
	3
	3

	24
	30
	3
	4

	25
	30
	3
	5

	26
	30
	3
	6

	27
	30
	3
	7

	30
	40
	4
	0

	31
	40
	4
	1

	32
	40
	4
	2

	33
	40
	4
	3

	34
	40
	4
	4

	35
	40
	4
	5

	36
	40
	4
	6

	40
	50
	5
	0

	41
	50
	5
	1

	42
	50
	5
	2

	43
	50
	5
	3

	44
	50
	5
	4

	45
	50
	5
	5

	50
	60
	6
	0

	51
	60
	6
	1

	52
	60
	6
	2

	53
	60
	6
	3

	54
	60
	6
	4

	49
	70
	7
	0

	48
	70
	7
	1

	47
	70
	7
	2

	46
	70
	7
	3

	39
	80
	8
	0

	38
	80
	8
	1

	37
	80
	8
	2

	29
	90
	9
	0

	28
	90
	9
	1

	19
	100
	10
	0
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