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1 Introduction

In the RAN1 #61 meeting, the non-contiguous RA (Resource Allocation) for PUSCH WF [1] was agreed as following:
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In this contribution, we discuss the pros and cons of the two options on non-contiguous RA schemes (i.e. “Option 1: 2 clusters” and “Option 2: unlimited number of clusters”) which are still open in the WF. 
We compare the schemes proposed in [2]-[8], and show simulation results which demonstrate that “Option 2: unlimited number of clusters” is also beneficial for the SU-MIMO case. Finally, we share our view that “Option 2: unlimited number of clusters” should be supported for SU-MIMO, however, “Option 1: 2 clusters” may be acceptable if the specification effort to define an RA scheme can be minimized, for example by a CQI indexing scheme as in [5].

2 Proposed RA Schemes Related to the Number of Clusters

As proposed so far, the RA schemes related to the number of clusters can be summarized as following:

· Option 1: Support of up to 2 clusters aligned with DCI format 0 [2], [3]
· RA scheme

· RA Scheme 1-A : reuse Rel.8 CQI RB indexing [3], [5], [6]
· RA Scheme 1-B : tree construction type [7]
· RA Scheme 1-C : limiting the bandwidth for each cluster [2]
· Option 2: Support of unlimited number of clusters aligned with configured DL DCI formats [4]
· RA scheme

· RA Scheme 2-A : reuse of DL RA type 0

· RA Scheme 2-B : reuse of DL RA type 0 and 1

We propose the following;

Single Antenna Port Mode

· Option 2 should be supported from the performance point of view. However, Option 1 is acceptable if the specification effort to define an RA scheme can be minimized. 

· RA Scheme 1-A (CQI indexing scheme) proposed in [5] should be employed as a solution for the above issue. 

SU-MIMO

· Option 2 with Scheme 2-A (reuse of DL RA type 0) should be supported.

The rationale related to our investigations is described in the next section.

3 Analysis of the Signalling Design for non-contiguous RA
3.1 For Single Tx Antenna Case
In the single Tx antenna case, the pros and cons of the options “2 clusters” or “unlimited number of clusters” can be summarized as follows:
Option 1 (2 clusters)

Pros:

· Less overhead for the RB assignment field in PDCCH

· Full dynamic switching (i.e. without configuration required via Higher Layer signalling)

Cons:

· Less scheduling flexibility due to the small number of bits for RA (i.e. small cluster size or restriction for the RB assignments), resulting in the loss of gain

· Higher specification effort to define the new RA scheme
Option 2 (unlimited)

Pros:

· Additional throughput gain can be achieved, compared to restricting to 2 clusters.

· Lower specification effort to define RA types (i.e. reuse of DL RA type 0/1)

Cons:

· Support of additional signalling mechanism to distinguish between DL format and UL format

· Overhead on PDCCH due to the padding bits to align with all DL DCI formats (i.e. format 1B, 1D, 2, 2A,2B)

3.1.1 Rationale for Supporting Option 2

Many contributions have shown that significant gain can be achieved with more than 2 clusters e.g. [5], [6], [7]. In contrast, some contributions claim that signalling simplicity should be prioritized, even at the expense of throughput loss. 
We believe that it is very clear that Option 2 is preferable because maximizing the performance gain is most important, if there is no constraint on DL signalling. Therefore, the above cons for Option 2 should be considered carefully, as to whether they are really detrimental to the system design. We assess the 2 Cons below, and show that they aren’t serious issues.
We can conclude that the additional complexity to support “unlimited number of clusters” can be justified by the performance gain. Therefore, Option 2 should be supported for the single Tx antenna case. In addition, RA Scheme 2-A is preferable to 2-B because of MPR issue as discussed in section 5.2 in Annex.

3.1.2 Analysis of CONS of Option 2

Additional signalling mechanism to distinguish between DL format and UL format

This Con for Option 2 is not a serious issue, and [4] and [5] have proposed at least 2 good solutions as below. Since either of them can solve this issue, this con will never be detrimental to the system.
1. RRC signalling - RRC signalling can be used to switch between 3 RA header types while maintaining Rel-8 backward compatibility, by reusing the existing RA header for RA type 0 or 1 to distinguish between the DL formats and the new UL formats supporting an unlimited number of clusters [4]. The dynamic switching of DL RA type 0/1 is disabled.

2. Additional one bit [5] - one additional bit is used for the bit flag to differentiate the new uplink DCI format from others, if it is desirable to keep the RA header as it is. The additional 1 bit for RA header of DL DCI formats 1B, 1D, 2 2A and 2B is possible because it isn’t assigned on common search space as shown in Table 1
Overhead on PDCCH

This Con for Option 2 is not a serious issue – an additional ~15 padding bits are required for UL grant to align with DL DCI formats. This redundant information will cause an increased CCE aggregation level to keep the reliability of PDCCH detection, resulting in less scheduling flexibility on PDCCH. This would be detrimental when the number of co-scheduled UEs is large. However in this case, the eNB can use DCI format 0 as a UL grant to reduce the PDCCH overhead. In this case, multi-user diversity can be obtained instead, even if UEs with contiguous RA would be in the majority. As a result, PDCCH overhead wouldn’t be increased, thus limiting performance degradation.
Table 1 Relationship between DCI Formats for Rel-10 Single Antenna Port Mode

	
	Supported DCI formats
	Number of BDs
	Purpose

	Common Search Space
	0 / 1A / 3 / 3A
	6
	Same as Rel-8

	
	1C
	6
	Same as Rel-8

	UE Search Space
	0 / 1A
	16
	Fallback transmission for UL/DL

	
	{ 1B / 1D / 2 / 2A / 2B / (2C) } / 0B
	16
	DL transmission & 
UL non-contiguous transmission
- additional 1 bit may be supported for DL formats to distinguish UL/DL

	0B: DCI format for Rel-10 UL transmission with non-contiguous RA and SIMO
2C: DCI format for Rel-10 DL transmission


3.1.3 Rationale for “Option 1 may be acceptable”

As described above, we propose that Option 2 should be supported for single Tx antenna case for reasons given in the previous section. 

However, Option 1 may be acceptable if the padding bits for Option 2 to align with DL DCI formats are not acceptable for other companies and the specification effort to determine a RA scheme can be minimized (i.e. one scheme should be chosen at the same time as Option 2 is agreed). As a solution, RA Scheme 1-A (CQI indexing scheme) proposed in [5] should be employed as discussed in section 5.3 in the Annex.
3.2 For SU-MIMO Case

Although we have discussed the pros and cons for each option above, the cons for Option 2 cannot be applied to the SU-MIMO case, because additional BDs (Blind Decodings) are required for this purpose anyway, as shown in Table 2. In this case, it is not necessary to align the DCI format for UL non-contiguous RA with DL DCI formats. In addition, an additional performance gain of 4.5 % over “2 clusters” can be achieved by the use of “unlimited number of clusters”, as shown in Table 3 (simulation assumptions and throughput CDF are shown in Table 4 and Figure 1 in Annex, respectively). Therefore, we propose:

· “Option 2: Unlimited number of clusters” should be supported for the SU-MIMO case.
Table 2 Relationship between DCI Formats for Multiple Antenna Port Mode

	
	Supported DCI formats
	Number of BDs
	Purpose

	Common Search Space
	0 / 1A / 3 / 3A
	6
	Same as Rel-8

	
	1C
	6
	Same as Rel-8

	UE Search Space
	0 / 1A
	16
	Fallback transmission for UL/DL

	
	1B / 1D / 2 / 2A / 2B / (2C) / 0B
	16
	DL transmission & Support of UL single antenna port non-contiguous transmission

	
	0C
	16
	Support of UL transmission with SU-MIMO and non-contiguous RA

	0B: DCI format for Rel-10 UL transmission with non-contiguous RA and SIMO
0C: DCI format for Rel-10 UL transmission with non-contiguous RA and SU-MIMO
2C: DCI format for Rel-10 DL transmission


Table 3 Comparison of throughput performance for 2x2 SU-MIMO

	
	SC-FDMA
	2 Clusters
	Unlimited

	5%ile User Throughput (bps/Hz)
	0.053
	0.055
	0.058

	Mean User Throughput (bps/Hz)
	0.120
	0.130
	0.135

	Average Cell Throughput (Mbps)
	12.46
(0.00 %)
	13.54
(8.70 %)
	14.10
(13.18 %)


4 Conclusions

In this contribution, we compared the two options for signalling scheme for non-contiguous PUSCH transmission which are still open, considering the single Tx antenna and SU-MMIMO cases. We propose following:

Single Antenna Port Mode

· Option 2 (unlimited number of clusters) should be supported from the performance point of view. However, Option 1 (2 clusters) is acceptable if the specification effort to define an RA scheme can be minimized. 

· RA Scheme 1-A (CQI indexing scheme) proposed in [5] should be employed as a solution for the above issue. 

SU-MIMO

· Option 2 with Scheme 2-A (reuse of DL RA type 0) should be supported.
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Annex

4.1 Simulation Assumptions and Results
Table 4 Simulation Assumptions
	Parameter
	Explanation/Assumption

	Bandwidth
	10 MHz
46 RBs for PUSCH

	Carrier Frequency
	2.0 GHz

	Antennas Configuration
	Tx: 2, Rx: 2

	Cell Layout
	3GPP case 1 3D

	
	
	Hexagonal grid

	
	
	19 cell sites / 3 cells per cell site

	
	
	ISD=500 m

	Number of UEs 
	570 UE (10 UE per cell)

	TPC parameters
	Pmax=23 dBm
P0=-84 dBm, α=0.8, Ks=0 in 36.213

	Scheduling scheme
	Proportional fairness

	Channel Model
	SCM urban macro

	
	
	Antenna configuration
	Tx: Co-polarized array with 0.5λ
Rx: Co-polarized array with 10λ 

	
	
	UE mobility
	3 kmph

	Access scheme
	SC-FDMA / Clustered DFT-S-OFDM

	Number of clusters
	2 or unlimited

	PA backoff
	6 dB for clustered DFT-S-OFDM

	RBG size for Clustered DFT-S-OFDM
	3

	Number of UEs scheduled in one subframe
	10

	Receiver Type
	Linear MMSE with Frequency Domain Equalization

	Rank adaptation
	On

	Link adaptation
	Target BLER = 10-1

	Channel Estimation for demodulation
	Realistic

	Channel Estimation for CSI 
	Realistic

	Traffic model
	Full buffer

	HARQ scheme
	Chase Combining
round trip delay = 8 ms
Maximum Retransmission number =4

	Codebook for precoding
	codebook in 36.814

	SRS configurations
	2 SRS subframe per 5 subframe
Frequency hopping enabled
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Figure 1 System level simulation result for SC-FDMA, 2 clusters and unlimited

Analysis of RA schemes for Option 2

The following RA scheme is proposed for the unlimited number of clusters:

· RA Scheme 2-A : reuse of DL RA type 0

· RA Scheme 2-B : reuse of DL RA type 0 and 1

Regarding RA type 0, although the scheduling restriction by RBG (Resource Block Group) is imposed for the scheduler to achieve a reasonable RA bit size, it was already shown that the remarkable gain can still be obtained, as in [15]. On the other hand, RA type 1 allows assigning one RB cluster size with any separation between clusters. This might exaggerate the MPR issue in RAN 4, and should be avoided. 
4.2 Analysis of RA schemes for Option 1

The following 3 RA signalling schemes for the 2 clusters case are proposed, and the exact explanation can be found in each document:
· Scheme 1-A : reuse Rel.8 CQI RB indexing [3], [5], [6]
· Scheme 1-B : tree construction type [7]
· Scheme 1-C : limiting the bandwidth for each cluster [2]
In our view, the scheme that requires additional scheduling restriction should be avoided because the change of scheduler algorithm is necessary. From these assessments, RA Scheme 1-A (CQI indexing) would be the best solution, and should be supported if 2 clusters is supported.







For single Tx antenna


Select one from the following two options at RAN1#61bis


2 clusters (with UL DCI format aligned with DCI format 0)


Number of clusters not limited by the signalling (with UL DCI format aligned with configured DL DCI formats)


Size of each cluster is one of the following: 


N x 1RB, N x 2RBs, N x 3RBs, N x 4RBs or N x 5RBs (N is an integer) 


Above number of values may be further reduced


All clusters within one PUSCH transmission have the same resource granularity


For SU-MIMO
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