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At the RAN1 #84 meeting, the waveform of PUSCH transmission on LAA SCell to satisfy the European regulatory requirements on transmission bandwidth and power density [1] was discussed. The agreements regarding the structure of PUSCH were achieved as follows:
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
Taking above agreements into account, we discuss the possible resource allocation methods for the multi-cluster transmission in this contribution. Besides, our view on subframe structure following up the email discussion [2] is also provided.
PUSCH design for eLAA UL
PUSCH waveform and resource allocation
It was agreed in last RAN1 meeting that PUSCH waveform can be based on RB-level multi-cluster transmission (>2) to satisfy the occupied channel bandwidth (OCB) and maximum power spectral density (PSD) requirements with achieving sufficient coverage performance. Based on the agreements, in this section, we further discuss on PUSCH resource allocation for eLAA UL. 
In current LTE, there are two resource allocation types, e.g. type 0 and type 1 to support single cluster transmission and dual cluster transmission. Both resource allocation types cannot realize multi-cluster (>2) transmission for LAA UL. However, it is possible to enhance current type 1 UL resource allocation for the multi-cluster transmission. One example is illustrated in Fig. 1. In addition, since the minimum transmission bandwidth is 4 MHz according to ETSI regulatory requirement, some restriction on resource allocation for multi-cluster transmission can reduce the number of required bits in resource allocation field. 

Figure.1: Multi-cluster transmission for eLAA UL
Proposal 1: To support RB-level multi-cluster transmission for eLAA PUSCH, it is possible to enhance current type 1 UL resource allocation field in UL grant.
As analyzed in [3]-[4], a total number of 10 interlaces for PUSCH with 20 MHz system bandwidth is a good candidate to maximize the benefit of RB-level multi-cluster transmission. If the multi-cluster PUSCH transmission based on 10 interlaces is supported for eLAA UL, as shown in Fig. 2 it is simple and straightforward to use the 10-bit bitmap (b0, b1, … , b9 ) for UL resource allocation in UL grant.  

Figure.2: RA field of 10-bit bitmap
Using the bitmap-based resource allocation method, full flexibility of UL resource allocation is achieved. It should be noted that the bitmap cannot be set to have seven continuous “1”, since all resource allocation must have a number of RBs that can be expressed as a product of the factors 2, 3 and 5. In addition, compared to current resource allocation (RA) field with 13 bits for 100-PRB bandwidth, the bitmap method saves 3 bits in the UL grant. Those saved bits can be used for other purposes such as HARQ process number indication for asynchronous UL HARQ operation [5]. 
Alternatively, if the full flexible resource allocation is not required for LAA UL, the number of bits for resource allocation field can be further reduced. Fig.3 gives an example. The RA field is made up of X-bit, e.g. X=4 predefined RB mapping patterns and Y-bit, Y=3 offsets for the selected RB mapping pattern. Therefore, total 7 bits are needed for the RA field in this example, and it could save 6 bits compared to current RA filed.


Figure.3: RA field consists of X-bit predefined RB mapping pattern and Y-bit offset
Proposal 2: If new UL resource allocation methods are required for LAA PUSCH transmission, either bitmap-based resource allocation with assuming 10 interlaces or pre-defined resource allocation pattern selection with RB offset indication can be applied. 
PUSCH subframe structure for eLAA UL
PUSCH transmission is triggered by UL grant from eNB. On LAA SCell, UL LBT at UE is basically required before starting the scheduled PUSCH transmission. The UE may start Cat.4 LBT before the subframe boundary of the scheduled PUSCH with a certain time margin, e.g., starting from one subframe before the scheduled PUSCH subframe, and then the UE may obtain the channel access right before the subframe boundary of the scheduled PUSCH. However, similar to LAA DL, the candidate starting symbol for data/control/reference signals should be limited in terms of implementation complexity and the channel reservation signal may be transmitted until the earliest candidate starting symbol. Meanwhile, having as many candidate starting symbols as possible is preferable in terms of spectral efficiency. However, such multiple candidate starting symbols for PUSCH may not provide a sufficient gain since PUSCH transmission should not run over the scheduled subframe and basically a busy time due to transmission of other node would continue several milliseconds once it starts. Therefore, starting symbol for eLAA PUSCH would be limited to the symbol #0 in the scheduled subframe. For other candidate starting symbol for PUSCH, e.g., symbol #7 in the scheduled subframe, further investigation might be necessary.
Proposal 3: Starting symbol for eLAA PUSCH would be limited to the symbol #0 in the scheduled subframe.
· FFS on other candidate starting symbol such as symbol #7 in the scheduled subframe.
As agreed in Rel-13 LAA, eNB can use DL ending partial subframe to provide appropriate gap for UL CCA in next subframe so that efficient switching from DL to UL can be achieved. On the contrary, for the purpose of efficient switching from UL to DL as well, appropriate CCA gap before a DL subframe should be allowed in the design of LAA UL transmission,. As shown in Fig.4, it is proposed to puncture one or several symbols at the end of scheduled UL subframe to provide such time gap for CCA in DL. Moreover, the time gap offers a possible idle period for other scheduled UE(s) to obtain the channel access before the starting of the scheduled UL subframe, which facilitates the multi-user multiplexing in one subframe. 
In addition, the length of CCA gap should be configurable and dependent on the LBT schemes, e.g. Cat.2 or Cat.4 based, and CWS or selected random back-off counter value for the transmission in next subframe. For example, if eNB intends to use the next subframe of UL subframe for DL transmission and it generates random back-off counter, it can calculate the minimum required time for LBT and corresponding number of symbols in UL subframe for puncturing. Therefore, appreciate gap duration depending on LBT parameter for transmission in next subframe should be indicated.    
Proposal 4: Punctured symbol(s) as time gap for CCA can be introduced at the end of UL subframe. 
· Appropriate gap duration depends on LBT parameter for transmission in next subframe.   
[image: ]
Figure.4: Punctured symbols of PUSCH as time gap for CCA
Conclusion 
In this contribution, we have discussed on PUSCH design for eLAA UL. We made the following proposals. 
Proposal 1: To support RB-level multi-cluster transmission for eLAA PUSCH, it is possible to enhance current type 1 UL resource allocation field in UL grant.
Proposal 2: If new UL resource allocation methods are required for LAA PUSCH transmission, either bitmap-based resource allocation with assuming 10 interlaces or pre-defined resource allocation pattern selection with RB offset indication can be applied. 
Proposal 3: Starting symbol for eLAA PUSCH would be limited to the symbol #0 in the scheduled subframe.
Proposal 4: Punctured symbol(s) as time gap for CCA can be introduced at the end of UL subframe. 
· Appropriate gap duration depends on LBT parameter for transmission in next subframe.   
References
[1] ETSI EN 301 893 v1.8.1 (2015-03), March 2015.
[2] [84-14] PUSCH frame structure in eLAA, March 2016.
[3] 3GPP, R1-160775, Nokia Networks, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, “UL waveform for LAA PUSCH,” Feb. 2016
[4] 3GPP, R1-160994, Ericsson, “Uplink Resource Allocation Design for Enhanced LAA,” Feb. 2016
[5] 3GPP, R1-162800, NTT DOCOMO, INC., “Discussion on UL scheduling design for eLAA,” April. 2016
- 1/4 -
image1.emf
N

UL

RB

S

1

S

2

S

3

S

4

S

2

-S

1

: cluster size

S

3

-S

1

: cluster interval

S

4

-S

1

: total transmission bandwidth

S

1

: starting RB index

S

2

: ending RB index for first cluster

S

3

: starting RB index for second cluster

S

4

: ending RB index for last cluster


image2.png
15| |nter|ace 1 2 3 4 5 6 7 8 9 11 12 13 14 15 16 17 18 19 91 92 93 94 95 96 97 98 99
Zed |nter|ace 0 2 3 4 5 6 7 8 9 10 12 13 14 15 16 17 18 19 90 92 93 94 95 96 97 98 99
pa— 3rd |nter|ace 0 1 3 4 5 6 7 8 9 10 11 13 14 15 16 17 18 19 90 91 93 94 95 96 97 98 99
Pa— 4|h |nter|ace 0 1 2 4 5 6 7 8 9 10 11 12 14 15 16 17 18 19 90 91 92 94 95 96 97 98 99
0 1 2 3 5 6 7 8 9 10 11 12 13 15 16 17 18 19 90 91 92 93 95 96 97 98 99
<«—> 5" |nterlace
0 1 2 3 4 6 7 8 9 10 11 12 13 14 16 17 18 19 90 91 92 93 94 96 97 98 99
<«—> 6" Interlace
«—> 7"‘ |nter|ace 0 1 2 3 4 5 7 8 9 10 11 12 13 14 15 17 18 19 90 91 92 93 94 95 97 98 99
<« 8Mhinterlace |0 |1 |2 [3 [4 |5 |6 g8 |9 [0 1] 12]13|1a]15][16 18 | 19 90 91 [ 92 | 93 | 94 | 95 [ 96 9 [ 99
<«— 9 nterlace | o 1 2 3 4 5 6 7 9 10 (11| 1213|14]15 |16 17 19 90 | 91 | 92 [ 93 | 94 | 95 [ 96 | 97 99
0 1 2 3 4 5 6 7 8 10 11 12 13 14 15 16 17 18 90 91 92 93 94 95 96 97 98
<«—> 10" Interlace
f Freq.
PRB number
by | by | by | bs | bs | bs | by | by | by | bo
<«Allocate 2 interlaces
0 0 0 0 1 0 0 0 0 1

.1 2 3 4.6 7 |8 9.11 12 | 13 14.16 17 | 18 | 19 .91 92 | 9 94.96 97 | 98 | 99

Freq.




image3.png
(x3,x2,x1,x0)

Predefined RB mapping pattern

0000 10 | 11 | 12 [ 13 [ 14 | 15 | 16 | 17 18 | 19 90 [ 91 | 92 | 93 | 94 ( 95 | 96 | 97 | 98 [ 99
0001 10 41| 12 [ 13 [ 14 | 15 | 16 | 17 18 | 19 90 [F91 ] 92 | 93 | 94 ( 95 | 96 | 97 | 98 [ 99
0010 10 | 11 42| 13 [ 14 | 15 | 16 | 17 18 | 19 90 [ 91 [[82] 93 | 94 ( 95 | 96 | 97 | 98 [ 99
0011 10 | 11 | 12 [ 13 [ 14 |16 | 16 | 17 18 | 19 90 [ 91 | 92 | 93 | 94 [[86] 96 | 97 | 98 | 99
0100 10 | 11| 12 [ 13 [ 14 |16 | 16 | 17 18 | 19 90 [ 91| 92 | 93 | 94 (@6 96 | 97 | 98 | 99
0101 10 | 11| 12 [ 13 [ 14 |15 | 16 | 17 18 | 19 90 [ 91| 92 | 93 | 94 [[85 | 96 | 97 | 98 | 99
0110 10 | 11 [ 12 | 13 [ 14 |15 | 16 | 17 18 | 19 90 [ 91 | 92 | 93 | 94 [[©5 | 96 | 97 | 98 | 99
0111 10 | 11 | 12 [ 13 [ 14 | 15 | 16 | 17 18 | 19 90 [ 91 | 92 | 93 | 94 [[©5 | 96 | O7 | 98 | 99
1000 10 | 11 | 12 [ 13 [ 14 | 15 | 16 | 17 18 | 19 90 [ 91 | 92 | 93 | 94 ( 95 | 96 | 97 | 98 [ 99
1001 10 | 11 | 12 [ 13 [ 14 | 15 | 16 | 17 18 | 19 90 [ 91 | 92 | 93 | 94 [ 95 | 96 | 97 | 98 | 99
1010 10 | 11 | 12 [ 13 [ 14 | 15 | 16 | 17 18 | 19 90 [ 91 | 92 | 93 | 94 (95 | 96 | 97 | 98 | 99
1011 10 | 11| 12 [ 13 [ 14 | 15 | 16 | 17 18 | 19 90 [ O1 | 92 | 93 | 94 ( 95 | 96 | 97 | 98 | 99
1100 10 | 11 12| 13 [ 14 |15 | 16 |17 18 | 19 90 | 91 [[82 ] 93 | 94 (86| 96 | OF7 | 98 | 99
1101 10 | 11 [ 12 [ 18| 14 | 15 | 16 | 17 18 | 19 90 [ 91 | 92 | O3 94 ( 95 | 96 | 97 | 98 | 99
1110 10 | 11 | 12 [ 13 [ 14 | 15 | 16 | 17 18 | 19 90 [ 91 | 92 | 93 | 94 (95 | 96 | 97 | 98 | 99
1111 10 | 11 | 12 [ 13 [ 14 | 15 | 16 | 17 18 | 19 90 (91 | 92 | 93 | 94 (95 | 96 | 97 | 98 [ 99

Freq.




image4.png
y2 y1 yo Offset (unit symbol)
0 0 0 0 (No offset)
0 0 1 1

RA field 0 ! 0 2
0 1 1 3

. . 1 0 0 4
Offset Predefined RB mapping pattern

1 0 1 5

y6 y5 y4 x3 X2 x1 x0 1 1 0 6

1 1 1 0 0 0 0 1 1 1 7

o|1]|2]3|4]s5 s.s 910 |11 |12 |13 |14 |15 19 90 | 91 |92 | 93 |94 | 95 99

Freq.




image5.emf
CCA gap

CCA gap

CCA gap can 

be zero

PUSCH

A-SRS

PDCCH/PDSCH

CCA gap

1 subframe


