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1. Introduction
In RAN4 #74bis, we proposed to investigate PUSCH demodulation performance in high Doppler channel. However, WF in [1] was not agreed due to the concern that BS demodulation performance is not explicitly included in SID [2]. In this contribution, we provide further analysis on potential issues in evaluating PUSCH performance in SID “LTE performance enhancement under high speed scenario”.
2. Discussion
In SID [2], following high speed scenarios are listed as objective of study item. 

· Comprehensively enhancing of the requirements for UE RRM, UE demodulation and BS demodulation under existing high speed scenario.
· Associated requirements to be enhanced for deployment scenarios with UE velocity at least up to 350km/h as 1st priority :
· Associated requirements to be studied for deployment scenarios with UE velocity above 350km/h:
· Identifying other new conditions to affect the system performance for E-UTRA under high speed environment and investigating BS demodulation, UE demodulation, and UE RRM performance under the identified new high speed scenarios. 
· Identify new high speed train scenarios for enhancements
RAN4 is supposed to investigate BS demodulation performance for UE velocity above 350km/h and newly identified high speed scenario. BS demodulation performance is not explicitly specified for UE velocity up to 350km/h.
Table 1 shows Doppler frequency corresponding to 350km/h for different carrier frequency. We can see that, for 400km/h UE speed, UE operating in 800MHz and 1.8GHz observes 300Hz and 600Hz Doppler frequency. Therefore, we can say that Doppler spread of 300Hz and 600Hz are relevant to UE velocity above 350km/h. Considering that RAN4 specified fading channel model w.r.t Doppler frequency instead of UE velocity, it is rather artificial to discriminate study item scope between UE velocity up to 350km/h and above 350km/h. Instead, RAN4 should assess necessity of particular performance study based on whether existing requirements are sufficient to cover target Doppler frequency. 
Observation 1. 300Hz and 600Hz Doppler frequency can be observed for UE velocity above 350km/h depending on band. 

Table 1. Doppler frequency for different carrier frequency and UE speed

	Doppler (Hz)
	700MHz
	800MHz
	1.8GHz
	2.1GHz
	2.3GHz
	2.7GHz

	120km/h
	78
	89
	200
	233
	256
	300

	300kmh
	194
	222
	500
	583
	639
	750

	350km/h
	227
	259
	583
	681
	745
	875

	400km/h
	259
	296
	667
	778
	852
	1000


Based on current discussion in RAN4, table 2 summarizes existing and potential high speed channel models and availability of corresponding UE and BS performance requirements. It can be observed that 
· In HST channel, we have QPSK test for both PDSCH and PUSCH.

· In high Doppler channel, RAN4 defined PDSCH performance requirements for various TMs and modulation. However, only QPSK test are defined for PUSCH demodulation performance. 
· For HST SFN and leaky cable channel, RAN4 is still working channel modeling. 

It should be noted that TM3 64QAM tests for PDSCH in high Doppler spread channel was introduced in Rel-11 to make it sure that UE maintains reasonable tracking loop and channel estimation performance when Doppler frequency is increased. It would be desirable that eNB receiver provides robust performance in fading channel with similar Doppler frequency. 
Propose 1. Investigate PUSCH demodulation performance in high Doppler channel with comparable Doppler frequency as PDSCH demodulation performance. 
Table 1. High speed scenario and test cases

	
	HST channel
	High Doppler channel with 300Hz Doppler
	High Doppler channel with 600Hz Doppler
	HST SFN channel
	Leaky cable channel

	Channel model
	available
	available
	available
	TBD
	TBD

	RRM requirements
	No
	No
	No
	No
	No

	PDSCH demod requirements
	TM1 QPSK
TM2 QPSK
	TM1 QPSK
TM1 16QAM

TM3 64QAM
	[TM3 64QAM]
	No
	No

	PUSCH demod requirements
	QPSK
	QPSK
	No
	No
	No


 One potential concern in specifying BS demodulation performance for high Doppler channel is whether this requirement should be applicable to all type of eNB or only macro eNB. It is rather unrealistic to assume that UE served by pico or femto eNB can have such high mobility. Therefore, it would be desirable to require only macro eNB to meet PUSCH demodulation performance requirement in high Doppler channel. 
Propose 2. In case RAN4 agrees to introduce PUSCH demodulation performance in high Doppler channel, it would be desirable to apply it only to macro eNBs. 

3. Conclusions

In this contribution, we provide further analysis on potential issues in evaluating PUSCH performance. Our observations and proposals are
Observation 1. 300Hz and 600Hz Doppler frequency can be observed for UE velocity above 350km/h depending on band. 

Propose 1. Investigate PUSCH demodulation performance in high Doppler channel with comparable Doppler frequency as PDSCH demodulation performance. 

Propose 2. In case RAN4 agrees to introduce PUSCH demodulation performance in high Doppler channel, it would be desirable to apply it only to macro eNBs. 
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