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1
Introduction
In RAN1#55bis, it was agreed that uplink non-contiguous resource assignment within a component carrier would be supported in LTE-Advanced. Heavy discussion was carried out in the past several meetings, mainly focusing on whether to support 2-cluster or multi-cluster PUSCH resource allocation in Rel-10.  In this contribution, we provide a potential way forward for the single Tx antenna case. The SU-MIMO case is also discussed.
2
Discussion

The key contentious point regarding non-contiguous PUSCH resource allocation for single Tx antenna operation is whether to support 2 clusters only or unlimited number of clusters (subject to signaling constraint). The key concerns can be summarized as:

· 2-cluster:

· Constrained performance gain and restricted scheduling flexibility

· New resource allocation scheme

· Multi-cluster:

· Large PDCCH overhead

It is desirable for the clustered PUSCH resource allocation for the single Tx case to have the following properties:

· Reuse DCI format 0 for its size-efficiency

· Resource allocation bitwidth is the same as DCI format 0

· Support 3 or more clusters for performance gain and scheduling flexibility

· Reuse DL resource allocation as much as possible for minimum spec impact
Based on these desirable properties, we propose the following way forward:

· Based on DL type 0 resource allocation and the same RBG definition
· Based on DL DCI format 0, which has the RA bitwidth M=ceiling(log2(NRBUL(NRBUL+1)/2))

· With the M bits:

· 1 bit to indicate the shift (similar to DL RA type 1)

· 0: no shift; 1: shift

· (M-1) bits to indicate whether the RBG is allocated or not

· 0: not allocated; 1: allocated
The way forward is illustrated below assuming a 10MHz system:
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Figure 1 Illustrated of the way forward, 10MHz
The following table summarizes the maximum addressable number of RBGs using the above proposal:

	System Bandwidths (RBs)
	6
	15
	25
	50
	75
	100

	Resource allocation (# bits)
	5
	7
	9
	11
	12
	13

	RBG size (RBs)
	1
	2
	2
	3
	4
	4

	Max PUSCH RA Size (RBGs)
	4
	6
	8
	10 
	11 
	12 


Alternatively, 2 bits can be used to indicate four possible shifts. For instance:
· With the M bits:

· 2 bit to indicate the shift 

· 00: no shift (left aligned)

· 01: shift, right aligned

· 10: shift, center aligned

· 11: no shift, but with 2*RBG granularity
· (M-2) bits to indicate whether the RBG is allocated or not

· 0: not allocated; 1: allocated

[image: image2.wmf]0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15          16

One

RBG

I

f

 

s

h

i

f

t

 

=

0

0

,

 

R

A

 

r

a

n

g

e

:

 

R

B

G

s

 

0

 

t

o

 

8

 

(

l

e

f

t

)

I

f

 

s

h

i

f

t

 

=

0

1

,

 

R

A

 

r

a

n

g

e

:

 

R

B

G

s

 

8

 

t

o

 

1

6

 

(

r

i

g

h

t

)

I

f

 

s

h

i

f

t

 

=

1

0

,

 

R

A

 

r

a

n

g

e

:

 

R

B

G

s

 

4

 

t

o

 

1

2

 

(

c

e

n

t

e

r

)

If shift 

=

11

, 

RA range

: 

RBGs 

0 

to 

16

, 

with each bit is with 

2

*

RBG granularity


Figure 2 Illustration of using 2 bits for the shift, 10MHz
Note also that the addressable PUSCH region can also discount those potentially occupied by PUCCH, e.g., by using the same parameter NRBHO as for PUSCH hopping.
2.1
Support Clustered PUSCH RA for SU-MIMO
Another issue is regarding whether to support clustered PUSCH transmission under UL SU-MIMO. From performance perspective, the same performance gain and scheduling flexibility for the SIMO case are equally applicable to UEs under UL SU-MIMO operation. From DCI design perspective, the same design philosophy discussed earlier can also be applied – i.e., the UL DCI can support both SU-MIMO and clustered PUSCH resource allocation simultaneously, the same way as in the DL case (DCI formats 2/2A/2B). 
Therefore, we propose:

Proposal: Support clustered PUSCH resource allocation for UL SU-MIMO.
3
Conclusions
In this contribution, we further provided our views on UL resource allocation for clustered DFT-S-OFDM operation in LTE-A. In particular, we propose that:

· For single antenna PUSCH operation, multi-cluster operation supported with the following characteristics
· Based on DL type 0 resource allocation and the same RBG definition
· Based on DL DCI format 0, which has the RA bitwidth M=ceiling(log2(NRBUL(NRBUL+1)/2))

· With the M bits:

· K bits to indicate the shift, where K= 1 or 2 FFS
·  (M-K) bits to indicate whether the RBG is allocated or not

· 0: not allocated; 1: allocated
· Support clustered PUSCH resource allocation for SU-MIMO PUSCH
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If shift =00, RA range: RBGs 0 to 8 (left)


If shift =01, RA range: RBGs 8 to 16 (right)


If shift =10, RA range: RBGs 4 to 12 (center)


If shift =11, RA range: RBGs 0 to 16, with each bit is with 2*RBG granularity



