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1 Introduction

This contribution provides an overview and analysis for the throughput performance results of clustered DFT-S-OFDM transmissions [1-4] and considers the maximum number of required clusters. Additionally, the LS from RAN4 [5] is considered with respect to typical MPR values that need to be applied to clustered DFT-S-OFDM transmissions. 

2 Performance Aspects for Clustered DFT-S-OFDM

Several past contributions have considered the performance of clustered DFT-S-OFDM as a function of the number of clusters. Although the simulation assumptions were not identical, the key aspects capturing RBG-based scheduling and realistic SINR estimation based on SRS unavailability over the whole operating BW and respective SINR estimation errors were considered at least in [1-4]. In addition, [1] considered the limitation of multi-clustered PUSCH transmission to UEs with SINR above 0 dB or above 5 dB which is in accordance to the RAN4 observation that the typical MPR is about 5 dB and the maximum MPR is about 10 dB.

Tables 1A and 1B summarize the throughout gains from multi-clustered DFT-S-OFDM PUSCH transmissions at 10 MHz and 20 MHz system BWs for a fully loaded system and 1x2 SIMO [1-4]. These gains should be viewed as the maximum theoretically possible for reasons that are subsequently described. The results in [1] limit the number of UEs that can be scheduled multi-clustered DFT-S-OFDM transmission only to those with SINR above 5 dB (this can also absorb typical power control errors in the MPR of about 10 dB). As a result, the probability for scheduling multi-clustered DFT-S-OFDM transmission was about 40% while SC-FDMA occurred with about 60% probability.
Table 1A: Gain in Average Cell Throughput over SC-FDMA – 10 MHz, 10 UEs/cell, Case 1.
	
	2 Clusters
	3 Clusters
	4 Clusters

	[1]
	6.6%
	6.8%
	6.8%

	[2]
	8.1%
	9.7%
	10.0%

	[3]
	8.0%
	11.0%
	12.0%

	[4]
	11.0%
	13.0%
	14.0%


Table 1A: Gain in Average Cell Throughput over SC-FDMA – 20 MHz, 20 UEs/cell, Case 1.
	
	2 Clusters
	3 Clusters
	4 Clusters

	[3]
	8.0%
	10.0%
	11.0%

	[4]
	11.0%
	13.0%
	13.0%


Tables 2A and 2B summarize the throughout gains from multi-clustered DFT-S-OFDM PUSCH transmissions at 10 MHz and 20 MHz system BWs for a fully loaded system and 2x2 SU-MIMO [3-4].

Table 1A: Gain in Average Cell Throughput over SC-FDMA – 10 MHz, 10 UEs/cell, Case 1.
	
	2 Clusters
	3 Clusters
	4 Clusters

	[4]
	10.0%
	12.0%
	12.0%


Table 1A: Gain in Average Cell Throughput over SC-FDMA – 20 MHz, 20 UEs/cell, Case 1.
	
	2 Clusters
	3 Clusters
	4 Clusters

	[4]
	9.0%
	12.0%
	12.0%


Discussion

In theory, increasing the number of clusters for PUSCH transmission improves the throughput gains from FDS as more distinct BW parts become available for PUSCH transmission. In practice, the following should be considered:

a) The frequency selectivity of the channel – the previous results represent a “best-case” scenario for non-contiguous RA considering a highly frequency selective channel (ETU). For less frequency selective channels (e.g. EPA), which are more likely in pico/femto/indoor cells, non-contiguous RA will have minimal gains.

b) The existence of Carrier Aggregation (CA) – UEs with medium/high SINRs and “full buffers” are the ones most benefiting from non-contiguous RA but are also the ones most likely to benefit from CA. Even for 2 CCs, SC-FDMA transmission per CC is effectively DFT-S-OFDM with 2 clusters over 2 CCs and no additional throughput gains are expected from having non-contiguous RA per CC.

c) The use of SU-MIMO – assuming single PMI across clusters, there is little gain from multi-cluster PUSCH transmission.

d) The use of MU-MIMO – it is clearly much more likely to find UEs suitable for MU-MIMO over a contiguous BW than it is over multiple BW clusters. Therefore, there is little gain from supporting non-contiguous RA.

e) The existence of Multi-User diversity – in a fully loaded system where throughput gains are most meaningful, Multi-User diversity will substantially reduce gains from non-contiguous RA. Even with 10 UEs available for potential scheduling in a 10 MHz BW (a small number), the gains from having more than 2 clusters are trivial. Considering 20 UEs available for scheduling at 10 MHz or 40 UEs available for scheduling at 20 MHz will substantially reduce the gains from non-contiguous RA.

f) The operating BW – there is no value in having non-contiguous RA at 1.4 MHz or 3.0 MHz. Similarly, there is little value in having non-contiguous RA with more than 2 clusters at 5 MHz and 10 MHz. There can be some additional benefits in having more than 2 clusters at 20 MHz (without considering other factors).

g) The number of eNB Rx antennas (note that 4 eNB Tx antennas were assumed for meeting the ITU targets) – the benefit from non-contiguous RA is limited for 4 eNB Rx antennas.
h) The existence of Rel-8 and SPS UEs – the gains from FDS with non-contiguous RA will be minimal in a system supporting a large number of Rel-8 UEs and/or SPS UEs. Moreover, the previous results considered minimal PUCCH overhead in the order of 4% (enabling scheduling over substantially the entire BW). 
i) Link adaptation impairments will further reduce FDS gains, particularly for non-contiguous RA. Noticeable throughput losses were observed once the SINR estimation error was modeled as a function of the UE SINR. However, several other impairments exist, such as 

a. Uncertainty over the UE power headroom (CM impact). 

b. Inter-cell interference on SRS in case of synchronous operation being different than interference on PUSCH (SRS experiences interference from other SRS in the last sub-frame symbol), 

c. Outdated SINR estimates (3 Kmph UE-speed and frequent SRS transmissions were assumed).
d. Differences between estimated SINR from SRS and instantaneous SINR due to varying CM for non-contiguous PUSCH transmissions for different modulations and varying number of clusters, etc. 
e. Power control errors which can be as large as x dB and have a larger impact on multi-clustered transmission requiring more accurate estimation [5].
In addition to the throughput performance, UE complexity, testing, and PDCCH overhead need to also be taken into account when considering non-contiguous PUSCH transmissions. Depending on the DCI format design for non-contiguous PUSCH transmissions for SIMO and SU-MIMO, additional PDCCH overhead and/or scheduling restrictions may occur relative to using only DCI format 0 (and a new DCI format for SU-MIMO). The number of additional blind decoding operations should also be considered, especially for UEs without SU-MIMO capability. 

Based on the referenced results and on the previous considerations for the system operating conditions which indicate minimal/no performance difference between various numbers of PUSCH clusters, the decision for the maximum number of supportable clusters should be primarily based on other considerations including UE complexity/testing, PDCCH overhead and number of blind decoding operations. The following are proposed: 

Proposal 1: PUSCH transmission over multiple clusters is a UE capability. 

Proposal 2: When supported, non-contiguous PUSCH transmission should avoid increasing PDCCH overhead and the number of blind decoding operations a UE needs to perform.

3 Conclusions

This contribution overviewed performance evaluation results for the gains of multi-clustered PUSCH transmissions and considered additional system operating conditions which were not captured in simulations. Based on these, the following are proposed: 
Proposal 1: PUSCH transmission over multiple clusters is a UE capability. 

Proposal 2: When supported, non-contiguous PUSCH transmission should avoid increasing PDCCH overhead and the number of blind decoding operations a UE needs to perform.
References:

[1] R1-101151, “Non-Contiguous UL Resource Allocation: Performance”, Samsung
[2] R1-101423, “PUSCH resource allocation”, NSN, Nokia
[3] R1-101211, “PUSCH Resource Allocation for Clustered DFT-Spread OFDM”, NTT DOCOMO
[4] R1-100369, “Required Number of Clusters for Non-Contiguous Resource Allocation”, Panasonic

[5] R1-101720, “LS on simultaneous PUSCH and PUCCH and clustered SC-FDMA”, RAN4 












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































PAGE  
1

