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1 Introduction

This contribution considers the impact of actual channel estimation on the data BLER and on UCI overhead/reliability in the PUSCH.

The advantages from limiting the number of clusters to 2 over using “unlimited” clusters were described in detail in [1] and are summarized below:

a) Practically all gains in average system throughput are achieved with 2 clusters even under highly optimistic assumptions for “unlimited” clusters regarding the system setup, the channel selectivity, and the scheduler operation. For cell edge throughput, having 2 clusters is preferable to having “unlimited” clusters.

b) Support of 2 clusters is provided without PDCCH overhead while for “unlimited” clusters padding in excess of 20 bits may be required which on average increases the total PDCCH size by at least 25%.

c) Support of 2 clusters requires only one additional DCI format for SIMO or SU-MIMO while support of “unlimited” clusters more than doubles, relative to Rel-8/9, the number of DCI format sizes for a given BW. 
d) Support of 2 clusters does not require any changes in the DCI formats for PDSCH scheduling.

e) Support of 2 clusters offers simple extension to UL SU-MIMO while “unlimited” clusters require that padding is also defined for the DCI formats scheduling PDSCH in case of DL SIMO.

f) Support of 2 clusters requires a single RA type, which may already be implemented at both the UE transmitter and the eNodeB receiver (i.e. “N choose M”) while support of “unlimited” clusters requires at least 2 RA types which are currently not implemented at the UE transmitter or eNodeB receiver.

g) With “unlimited” clusters, non-contiguous PUSCH is not supported if either of the DCI formats 1B/1D is used.

h) Support of 2 clusters allows for the fall-back mode to be either with non-contiguous or contiguous RA and PUSCH scheduling can be either from the common or dedicated search spaces. 

i) For UEs with 2 PAs, support of 2 clusters preserves the single-carrier property, avoids MPR issues, and further increases the throughput gains from non-contiguous RA.

2 Impact of Actual Channel Estimation
All cell throughput evaluations considered ideal channel estimation. This is an unfavorable assumption to PUSCH transmissions with single or a small number of clusters. The inability to perform frequency interpolation among clusters is equivalent to a reduction in the effective RS SINR. The larger the number of clusters, the larger the impact of “cluster edge” effects on the channel estimation accuracy and consequently on the data or UCI reception reliability. 

In addition to the data BLER degradation for a given SINR (or spectral efficiency), a less accurate channel estimate also affects the BER/BLER of UCI in the PUSCH. As the current computation of UCI resources in the PUSCH considers single-carrier transmission and no degradation in channel estimation quality due to “cluster edge” effects, either the UCI resources will have to increase in case of non-contiguous PUSCH transmissions or some performance degradation will have to be tolerated. Increasing the UCI resources would mean either a new set of 
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 values for non-contiguous PUSCH transmissions or, practically, setting the 
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 values for near worst-case conditions (implying maximum, and often not entirely necessary, UCI overhead). 
The data BLER, the CQI BLER, and the HARQ-ACK BER are subsequently evaluated assuming PUSCH transmission with 1, 2, and 4 clusters. Table 1 presents the simulation assumptions. 
Table 1: Simulation Assumptions

	Parameter
	Value

	Carrier Frequency
	2.0 GHz

	System BW
	10 MHz

	Channel Model
	ETU at 3Kmph

	Antenna Setup
	1x2 – uncorrelated

	Channel Estimation
	Actual

	PUSCH BW
	1/2/4 Clusters of 12/6/3 PRBs, respectively

	Data Parameters
	{QPSK, r=1/3}, {QAM16, r=1/3}

	HARQ-ACK Parameters
	1 bit, repetition coding


Figure 1 presents the data BLER as a function of the number of clusters for the setups in Table 1. To isolate the impact from the “cluster edge” effects, 12 consecutive PRBs were considered and channel estimation was performed over the whole 12 PRBs, over 2 clusters of 6 PRBs, and over 4 clusters of 3 PRBs (without interpolation between clusters). 
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Figure 1: PUSCH BLER with 1, 2, and 4 Clusters (magnified around 10% in the Figure to the right).
At 10% BLER the SINR loss relative to single-carrier (1 cluster) is about 0.15 dB for 2 clusters and about 0.35 dB for 4 clusters for a relative difference between 2 and 4 clusters of 0.2 dB. This difference will not meaningfully impact the previously obtained cell throughput results and new evaluations are not necessary as any change will be within the simulation noise (except possibly for the gains of “unlimited” clusters over single-carrier). Nevertheless, the already marginal 1.5% average cell through gains of “unlimited” clusters over 2 clusters [1] will be somewhat reduced.     

Figure 3 presents the HARQ-ACK BER as a function of the number of clusters for the setup in Table 1 using again the same setup as for the data BLER evaluation to isolate the impact from the “cluster edge” effects.
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Figure 2: HARQ-ACK BER with 1, 2, and 4 Clusters (magnified around 10% in the Figure to the right).
Due to the absence of diversity from channel coding (repetition coding is used) and the absence of frequency hopping, the BER curves tend to flatten and the performance loss from the degradation in channel estimation is more pronounced as the relative HARQ-ACK SINR is only over 4 sub-frame symbols and an effective loss in the RS SINR (due to the absence of inter-cluster interpolation) has a larger impact on the reduction of the overall “HARQ-ACK and RS” SINR. 
At 1% BER the SINR loss relative to single-carrier (1 cluster) is about 0.25 dB for 2 clusters and about 0.8 dB for 4 clusters for a relative difference between 2 and 4 clusters of about 0.55 dB. This difference is significant and in case of “unlimited” clusters the eNodeB will have to be more aggressive in the setting of the 
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 values. A 0.55 dB difference translates to almost 43% additional UCI overhead. For a cell throughput difference of about 1.5%, this additional UCI overhead will practically eliminate or even reverse any throughput gains an “unlimited” number of clusters may have over 2 clusters.
3 Conclusions

This contribution considered the impact of the degradation in channel estimation accuracy as the number of clusters increases. The SINR loss for data transmission is small and can be contained to about 0.35 dB or less. The SINR loss for UCI transmission is larger and can reach as much as 0.55-0.6 dB. The loss increases as the number of clusters increases and this further reduces, or may even reverse, any marginal throughout gains from “unlimited” clusters over 2 clusters. The smaller performance loss due to the degradation in channel estimation accuracy is another element in the long list of substantial advantages of 2 clusters over “unlimited” clusters for support of non-contiguous RA in Rel.10.
Proposal: Support of non-contiguous RA is with 2 clusters and DCI format aligned with DCI format 0.
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