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1 Introduction
In last RAN4 meeting, the requirements on UE behaviour in lower SNR regions were discussed in [1

 REF _Ref276562245 \h 
 \* MERGEFORMAT ~5]. We observed that good UE behaviour in lower SNR regions was thought to be very important [1]. It seemed that this new requirements are acceptable to the RAN4 group. And now the question would be how to define the requirements. There would be two options for that purpose: one is new Rx sensitivity requirements and the other is new demodulation performance requirements. 
In this paper, we present our view on this topic and try to give some analysis and suggestions.
2 Sensitivity versus demodulation performance
In the following, we cite the sentences from [1,6]
·     It should be noted that the second receiver performance in E-UTRA UE would be degraded due to antenna gain imbalance, and therefore the performance would be degraded further in the actual thermal-noise limited area.
·    It would be expected that E-UTRA UE could maintain connection with eNB in such lower SNR level using HARQ
·    Actually, E-UTRA UE could maintain connection with eNB in such lower SNR using HARQ
We may observe that the basic motivation is to ensure the good UE performance in lower SNR regions. So we first take look at what is the UE behavior in lower SNR regions, and then try to find out what is the range of low SNR regions.
UE behaviour in lower SNR regions

As pointed out in [1

 REF _Ref276568061 \h 
 \* MERGEFORMAT , 2], there would be two typical lower SNR scenarios: one is when UE is located at cell edge and the other is when UE is near the cell centre but undergoes larger path loss, e.g. indoor.

For the first scenario, there would be two important behaviours: one is maintaining downlink PDSCH reception and the other is to make and report measurements, such as RSRP and RSRQ, for handover. Regarding maintaining downlink data reception, UE would suffers from both low SNR and high intra-band interference from neighbour cells. But interference modelling would bring the heavy workload for this topic in RAN4. The other alternative way is to keep AWGN model but raise noise level. Regarding measurement, we leave alone RRM measurement performance, which could be supposed to be guaranteed by the existing requirements in TS36.133 for UE at cell edge, and only think about the reporting procedure. In some sense, timely reporting measurement would be more important than guaranteeing passable PDSCH data transmission in this scenario, because UE could hand off to the other better cell. Before reporting measurement, UE should receive UL grant (DCI format 0). Bad behaviour on UL grant reception might degrade the whole system performance. So PDCCH performance in lower SNR regions especially for UL grant would be important.
For the second scenario, the key thing would be to keep reliable DL reception at lower SNR. But in this case, when the burden of network is high and smaller CCE level such as 4CCE is configured for UE, the performance of PDCCH would become a bottleneck. In this scenario, the performance of PDSCH combined with PCFICH/PDCCH at low SNR would be crucial.
Furthermore, UE will do RLM and if the SNR is too low UE will enter out-of-sync state. According to TS36.133 the range of Qin in the test cases is from -7.0dB to -3.9dB and Qout is ranged from -11.4dB to -8.4dB without impairment margin. So the SNR could not be set too low, especially if this performance were evaluated under multi-path channel, e.g. EVA5, the deep fading would be undergone and would resulted UE being out of sync. Maybe the setting SNR would be higher than -8dB at least.
To summarize, it seems that RAN4 need to evaluate PDSCH performance with the impact of PCFICH/PDCCH and PCFICH/PDCCH performance especially for DCI format 0 (UL grant). And the target SNR would not be too low.
LTE coverage and typical downlink UE SNR

From geometry evaluation results as shown in Figure 1, if 5% CDF corresponded to lower SNR region, then this region might be ranged from -6dB to -4dB. Because this figure depicts the C/(I+N) over the air interference, it would be applicable for both UMTS and LTE.

For the cell with larger radius than case3, the 5% CDF would correspond to lower SINR. But considering the RLM mentioned above, maybe the range from -8dB to -4dB would be typical for lower SNR region.
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Figure 3 LTE geometry for case1 and case3

Sensitivity versus Demodulation requirements
It seems to us that operators want to verify the UE base band performance other than RF performance in actual network. The motivation of sensitivity test is to guarantee that the analog parts of the receiver have good performance (noise figure, selectivity, linearity etc.). It’s proposed that one or two different “down link reference channels” are defined with fixed modulation and coding [7]. Besides the requirement for the sensitivity is denoted by signal power level other than SNR, which would make sense only when Noc was set to a certain value, e.g. -107.5 dBm for 5MHz band1. For baseband performance, SNR for demanded throughput or BLER would be more useful.
On the other hand, to our understanding, UE behaviour in lower SNR regions seems to be linked to some kind of link budget or roughly evaluating the coverage. It is important to ensure that the downlink coverage of LTE does not shrink compared to the existing network. For that purpose, it would be beneficial to know the UE PDSCH and PDCCH demodulation performance in lower SNR regions in some typical scenarios with typical configurations such as MCS. But the sensitivity requirement could not be used directly for those purposes.

Maybe we feel that we might not have very clear idea on how to use these new additional sensitivity requirements if it was used, since there already existed sensitivity requirements in TS36.101. One of the advantages of additional sensitivity requirements would be less impact on existing requirements. But in actual network, AWGN would not be a typical channel and fading should be included. So we slightly prefer using demodulation performance.

3 Working assumptions for demodulation performance
In [1] 1/3 QPSK MCS with 5 HARQ and 8CCE 4dB boosting PDCCH was suggested and in [2] 1/5 QPSK MCS under EVA5 1 x 2 was proposed.
In actual network, single port transmission (SIMO), transmit diversity and closed-loop transmission with one layer (transmission mode 6) would be more useful in lower SNR region. And maybe 2x2 antenna configuration would be more typical configuration for LTE deployment system. We mainly focus on 2x2 firstly.
In the following, we list some existing requirements for the above transmission modes and some simulation results with PCFICH/PDCCH effect. And the PCFICH/PDCCH is configured with 8CCE and 4dB power boosting. As we can see that the effect of PCFICH/PDCCH error on PDSCH performance would be small. Except the transmit diversity requirements where the HST is used, we can see that for SIMO in table 1 the requirement at 30% would be -7.9dB with the throughput around 1.5Mbits/s, and the requirements for closed-loop MIMO with single layer at 30% would be -8.3dB with throughput around 1.5Mbits/s.
As we mentioned above the available SNR range would be from -8dB to -4dB. And we also know that for ITU-R submission 2Mbits/s is used as the service throughput requirements. Thus we have enough reason to believe that if we just add some test point based on the existing RAN4 requirements then the UE behavior in lower SNR regions could be guaranteed, which is shown in Table1 through Table 3 with modification yellow highlighted. There the channel model and test points could be changed.
Table 1 SIMO demodulation performance

	Test number
	Bandwidth 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	1
	10 MHz
	R.2 FDD
	 OP.1 FDD
	EVA5
	1x2 Low
	70
	-1.0
	1-5

	1.x
	10 MHz
	R.2 FDD
	 OP.1 FDD
	[EVA5]
	1x2 Low
	[30]
	TBD
	TBD
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Figure 1 the simulation results for SIMO w/o PCFICH/PDCCH effect
Table 2 Transmit diversity demodulation performance
	Test number
	Band-width 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	2
	10 MHz
	R.10 FDD
	OP.1 FDD
	HST
	2x2 Low
	70
	-2.3
	1-5

	2.x
	10 MHz
	R.10 FDD
	OP.1 FDD
	[ETU70]
	2x2 Low
	[30]
	TBD
	TBD
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Figure 2 the alignment simulation results for Transmit diversity without PCFICH/PDCCH
Table 3 closed-loop transmission with one layer transmission
	Test number
	Band-width 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	1
	10 MHz
	R.10 FDD
	OP.1 FDD
	EVA5
	2x2 Low
	70
	-2.5
	1-5

	1.x
	10 MHz
	R.10 FDD
	OP.1 FDD
	[EVA5]
	2x2 Low
	[30]
	TBD
	TBD
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Figure 3 the alignment simulation results for closed-loop transmission with one layer transmission w/o PCFICH/PDCCH
Furthermore, we also propose to add some new PCFICH/PDCCH requirements to ensure good UL grant performance with 8CCE and some power boosting to ensure the reliable RRM measurement reporting.
4 Conclusions
Verifying UE demodulation performance in lower SNR regions would be beneficial for link budget and coverage calculation. And based on our analysis, we prefer the following working assumption.
·     Based on the existing requirements, add new PDSCH demodulation requirements for the single port transmission (SIMO), transmit diversity and closed-loop transmission with one layer (transmission mode 6)
·     Add some new PCFICH/PDCCH requirements to ensure good UL grant performance with 8CCE and some power boosting to ensure the reliable RRM measurement reporting.
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