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1 Introduction
The RRM impacts on high Doppler has been discussed in RAN4 for three meeting cycles since RAN4 #68. This issue was firstly triggered in R4-133872 [1], and the significant measured RSRP/RSRQ value difference between chipsets was observed by operator. Moreover, some other RRM issues were also discussed, e.g., radio link monitoring, cell identification, cell selection/reselection etc[2]. The RSRP/RSRQ measurement accuracy issues were identified and will be investigated further while it is FFS whether the other core requirements including radio link monitoring, cell reselection should be enhanced.
In[3] we provide the initial analysis on RRM requirements when high Doppler deployment is introduced and no consensus on the issues identification was achieved except the RSRP/RSRQ measurement accuracy problem. The RSRP/RSRQ measurement accuracy will be elaborate in another paper[4]. In this contribution, we present more analysis of the RRM impacts under high Doppler in E-UTRA.

2 Discussion
· RSRP/RSRQ Measurement Accuracy
Due to the large RSRP/RSRQ difference among different chipsets, the observed coverage of cells by different UEs will be quite different. It leads to difficulty for RRM algorithms for network optimization, e.g., handover, power control, scheduling, ICIC algorithms etc. The RSRP/RSRQ measurement accuracy will be discussed in detail in [4].
· Cell Identification 
The most challenging scenarios for cell identification are slow fading propagation conditions, e.g. EPA5. On the other hand there will be less impacts for high Doppler case. Thus the legacy cell identification requirement 800ms at Es/Iot=-6dB can be met in high Doppler scenarios.
· Radio Link Monitoring 
As analyzed in [2], the radio link monitoring is also an important issue under high Doppler. First of all, in Rel-8, RAN4 group only checked the RLM performance under AWGN and ETU70. When the channel is changed as high Doppler channel, e.g., EVA600 channel, it’s uncertain that the functionality of reporting In-sync and out-of-sync can be implemented correctly. Once UE mis-detects the quality of serving cell, it’s quite possible for the UE to search, or reselection the other intra-/inter-frequency or inter-RAT cells, the connecting time in LTE will be a big problem in high speed railway (HSR).The throughput of networks will be impacted if the connecting time of LTE is decreased.
Moreover, based on our understanding, the UE shall make the correct RLM functionality with the channel status estimation. However, it’s quite difficult for UE to differentiate the different channels in HSR, e.g., HST, EAV600, or AWGN channels. Herein, the some enhancement methods shall be considered to make sure the UE shall follow the correct RLM functionality, e.g., network assistance or receiver enhancement of UE. More test cases are also needed to verify the performance of RLM under high Doppler channels.
· RRC Re-establishment Latency
For the re-establishment delay, the minimum requirement is defined as [5]:

TUE-re-establish_delay = 50 ms + Nfreq*Tsearch + TSI + TPRACH

Tsearch: It is the time required by the UE to search the target PCell.


Tsearch = It is [100] ms if the target PCell is known by the UE; the target PCell is known if it has been measured by the UE in the last 5 seconds.


Tsearch = It is 800 ms if the target PCell is unknown by the UE; the target PCell is unknown if it has not been measured by the UE in the last 5 seconds.


TSI = It is the time required for receiving all the relevant system information according to the reception procedure and the RRC procedure delay of system information blocks defined in TS 36.331 [2] for E-UTRAN cell.


TPRACH = The additional delay caused by the random access procedure; it will be at least 10 ms due to random access occasion and there might be additional delay due to ramping procedure.


Nfreq: It is the total number of E-UTRA frequencies to be monitored for RRC re-establishment; Nfreq = 1 if the target PCell is known. 

It’s quite important feature for the UEs to implement the re-establishment procedure, when the RLF occurs. During the high speed train scenario, it’s such a long time to finish the re-establishment procedure, e.g., typically, assume Tsearch=800ms, Tsi=1.28s, 
If Nfreq=1, TUE-re-establish_delay = 50ms+1*800ms+1280ms+10ms=2.14s

If Nfreq=2, TUE-re-establish_delay = 50ms+2*800ms+1280ms+10ms=2.94s

If Nfreq=3, TUE-re-establish_delay = 50ms+3*800ms+1280ms+10ms=3.74s

Assume the speed of train is 350km/h, i.e., 97.2m/s, thus, the moving distance during the re-establishment delay is 
If Nfreq=1, moving distance during TUE-re-establish_delay is 2.14*97.2= 208m

If Nfreq=2, moving distance during TUE-re-establish_delay is 2.94*97.2= 285.8m

If Nfreq=3, moving distance during TUE-re-establish_delay is 3.74*97.2= 363.53m

For high speed railway system of LTE, the typical diameter of the cell is about 500m, thus, such a long time may lead to high failure rate of re-establishment. Then, it will cause the long time for UE to drop with LTE. 

· Cell Selection/Reselection Latency
Regarding to cell selection/reselection latency, [5] defines the minimum requirements for the intra-frequency/inter-frequency cell reselection as follows:
Table 1. The requirements defined in 36.133 for intra-frequency measurement for cell reselection
	DRX cycle length [s]
	Tdetect,EUTRAN_Intra [s] (number of DRX cycles)
	Tmeasure,EUTRAN_Intra [s] (number of DRX cycles)
	Tevaluate,E-UTRAN_intra

[s] (number of DRX cycles)

	0.32
	11.52 (36)
	1.28 (4)
	5.12 (16)

	0.64
	17.92 (28)
	1.28 (2)
	5.12 (8)

	1.28
	32(25)
	1.28 (1)
	6.4 (5)

	2.56
	58.88 (23)
	2.56 (1)
	7.68 (3)


Table 2. The requirements defined in 36.133 for inter-frequency measurement for cell reselection
	DRX cycle length [s]
	Tdetect,EUTRAN_Inter [s] (number of DRX cycles)
	Tmeasure,EUTRAN_Inter [s] (number of DRX cycles)
	Tevaluate,E-UTRAN_Inter

[s] (number of DRX cycles)

	0.32
	11.52 (36)
	1.28 (4)
	5.12 (16)

	0.64
	17.92 (28)
	1.28 (2)
	5.12 (8)

	1.28
	32(25)
	1.28 (1)
	6.4 (5)

	2.56
	58.88 (23)
	2.56 (1)
	7.68 (3)


Adopt the same assumption for the speed of the train, i.e., 350km/h (97.2m/s), taking the 0.32s DRX cycle length into account, the moving distance within the Tevaluation time is 97.2*5.12 = 497.7m; the moving distance within the Tdetect time is 97.2*11.52 = 1119.7m. Even if the S-high, S-medium factor can be utilized for scaling the Tevaluation time, it still can NOT match the typical deployment of HSR. Furthermore, such a long detection time will cause a big problem for the paging receiving of serving cell, or the UE can NOT find any suitable cell in the HSR.
Therefore, the new requirements of cell selection/reselection could be investigated, or some network assistance method could be adopted to decrease the detection time and evaluation time of the target cell.
It should be noted that the above analysis are assuming that similar power consumptions as Rel-8. If less reselection time are defined for HSR it is possible that more power consumption will be utilized then.
3 Anticipated Work
Based on the analysis in section 2, we specify the most important aspects and potential issues under high Doppler. The following anticipated work besides the measurement accuracy issues shall be considered:

· Core part
· To evaluate if the current RLM requirements can be applied under high Doppler and if needed, specify additional requirements
· Including non-DRX and DRX case
· To evaluate if the RRC re-establishment requirements can be applied under high Doppler and if needed, specify additional requirements
· To evaluate if the Cell selection/reselection requirements can be applied under high Doppler and if needed, specify additional requirements

· Intra-frequency requirements

· Inter-frequency requirements
The network assistance information may be considered to guarantee the mobility performance under high Doppler.
· Performance part

· The RSRP/RSRQ measurement accuracy requirements under high Doppler shall be introduced
· The following RRM test cases shall be introduced to verify performance under high Doppler case
· RSRP/RSRQ measurement accuracy test case under high Doppler

· Radio link monitoring test case under high Doppler

· Re-establishment latency test case under high Doppler
· Cell selection/reselection test case under high Doppler

4 Conclusion

In this contribution, we present the impacts on RRM requirements under high Doppler in E-UTRA. Based on the analysis, the following important RRM related work is anticipated:

· Core part

· To evaluate if the current RLM requirements can be applied under high Doppler and if needed, specify additional requirements
· Including non-DRX and DRX case

· To evaluate if the RRC re-establishment requirements can be applied under high Doppler and if needed, specify additional requirements

· To evaluate if the Cell selection/reselection requirements can be applied under high Doppler and if needed, specify additional requirements

· Intra-frequency requirements

· Inter-frequency requirements

The network assistance information may be considered to guarantee the mobility performance under high Doppler.

· Performance part

· The RSRP/RSRQ measurement accuracy requirements shall be revisited

· Important RRM test cases shall be considered under high Doppler case

· RSRP/RSRQ measurement accuracy test case under high Doppler

· Radio link monitoring test case under high Doppler

· Re-establishment latency test case under high Doppler

· Cell selection/reselection test case under high Doppler
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