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Introduction
In RAN4 meeting #76, the issue on PRACH performance under high speed scenario was widely discussed and the agreement was achieved in [1] as following,
· Issues for the PRACH under the high speed scenario:
· The current cyclic shift restriction set defined in TS36.211 for high speed cells is limited to frequency offset within PRACH, i.e., +/-1.25KHz, the Doppler shift out of the range of [-1.25KHz, +1.25KHz] would cause the detection ambiguity.
RAN4 has identified the issue on degraded PRACH performance under high speed scenario. As for the solutions to improving uplink random access performance, there was solution proposed in [2], summarized as following,
· New cyclic shift restriction set that is suitable for uplink frequency offset up to twice of the PRACH Subcarrier Spacing, .e., +/-2.5KHz;
In this contribution, we will further discuss the issue on PRACH performance and share our view about the methods for improving uplink random access performance.
Discussion on methods for improving uplink random access performance
Unidirectional eNB deployments
Doppler shift for UE close to RRH sites 
The impact of unidirectional eNB deployment on random access was discussed in [5]. In this deployment configuration the UE receive DL transmissions from an antenna in one direction and its UL transmission is received by an antenna in another direction as the figure2 described in [5]. In TDD mode, the UE transmits on uplink with the tuned downlink carrier frequency (which is the initial carrier frequency plus Doppler shift that UE experienced on downlink), as the Doppler shift experienced on uplink with opposite sign. As a result, the Doppler shift eNodeB received is the sum of Doppler shift that UE experienced on downlink and Doppler shift experienced on uplink. As the two Doppler shifts have opposite sign, the eNodeB experiences nominal UL carrier frequency without Doppler shifts when the absolute values of the two Doppler shifts are equal.
However, when the UE speed is 400km/h or higher and the carrier is 3.5 GHz, we can get the Doppler shift is 1458Hz on downlink in table 1. When the UE is close to RRH sites (we copy the figure2 in [5] here), the Doppler shift experienced on uplink is very tiny. As the result, the RRH receives the uplink signal with Doppler shift almost the same as the Doppler shift (1458Hz) on downlink. We give our simulation results of Doppler shift RRH experienced in Figure 2 based on scenario in the Figure 1. At this scenario, the Doppler shift the RRH experienced is also more than one time PRACH subcarrier interval with unidirectional eNodeB deployments.
Table 1: Doppler frequency for different bands
	UE speed
(km/h)
	Doppler frequency

	
	1.9GHz carrier 
	2.3 GHz carrier
	2.6 GHz carrier
	3.5 GHz carrier

	DL/UL
	Downlink
	Uplink 
	Downlink 
	Uplink 
	Downlink 
	Uplink 
	Downlink 
	Uplink

	150
	264
	528
	319
	639
	361
	722
	486
	972

	200
	352
	704
	426
	852
	481
	963
	648
	1296

	250
	440
	880
	532
	1065
	602
	1204
	810
	1620

	300
	528
	1056
	639
	1278
	722
	1444
	972
	1944

	350
	616
	1231
	745
	1491
	843
	1685
	1134
	2269

	400
	704
	1407
	852
	1704
	963
	1926
	1296
	2593

	450
	792
	1583
	958
	1917
	1083
	2167
	1458
	2917




[image: ]
Figure 1 (figure2 in [5]): Path loss and Doppler shifts associated with a moving UE with UL RX and DL TX in opposite directions. From Dmin = 30m, Ds = 1000m, f = 2.7GHz and speed 500km/h.
[image: ]
Figure 2 Doppler shift RRH experienced based on scenario in the figure2 in [5]
Based on the discussion in above, we observe that 
Observation 1; At the scenario with UE speed more than 400km/h and the carrier frequency 3.5GHz, 
----the Doppler shift the RRH experienced is more than one time PRACH subcarrier interval with unidirectional eNodeB deployments
Doppler shift for UE handover 


Figure 3 UE at Cell edge 
It is well known that, to maintain signal quality, UE always perform handover process. And the first step is to measure the signal quality from target handover eNodeB. So, UE should receive the signal from target handover eNodeB e.g. RRH2 in figure 3. However, in unidirectional eNodeB deployment, UE can only transmit uplink signal to RRH2 and receive downlink signal from RRH1.
To perform handover process, UE should not transmit uplink signal to RRH2, but receive downlink signal from RRH2. As a result, signal received by eNodeB could experience two times Doppler shift. So, the Doppler shift in unidirectional eNodeB deployment is not reduced compared to in SFN model for UE at cell edge.
Based on the discussion above, we observed that 
Observation 2: for UE at cell edge, the Doppler shift in unidirectional eNodeB deployment is not reduced compared to in SFN model.
And, in the existing network, there is also existing similar problem while the UE velocity is high. So we should develop new solution to enhance PRACH.
Based on our observation and discussion, we propose that
Proposal 1: random access scheme should be enhanced to cope with Doppler shift great than one times PRACH subcarrier interval.
Develop new cyclic shift restriction set





The Doppler frequency impact on LTE random access was analysed in detail in [4]. We further discuss the high Doppler shift impact on correlation (one random access sequence and the sequence distorted by Doppler shift) peak. In the following, we give our simulation result with the assumptions . From the simulation result, we can observe that there will be five correlation peaks while the Doppler shift beyond the range of [-1.25KHz, +1.25KHz].And the difference between Figure 4 and Figure 5 is that in Figure 4 the great peak distributes atwhile the Doppler shift is and the great peak distributes at while the Doppler shift is in Figure 5.
To avoid the interference to other UE or eliminated the detection ambiguity, the cyclic shift zone corresponding to five correlation peaks should be reserved to one UE, which is different from the existing high speed restricted PRACH sequence set (based on the assumption of three unambiguous detection window). So, one of the feasible solutions is to develop new cyclic shift restriction set. This solution has good compatibility with the existing LTE system. And the uplink random access performance could be improved without great change at UE and eNodeB.
[image: ]

Figure 4: 
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Figure 5: 
Capacity for new cyclic shift restriction set
As agrees in previous, the parameters for SFN scenario is listed in [6], we copy the parameters in the following,
Table 6.2.3.1-1: Parameters for SFN scenarios
	 Parameter
	Value


	

	[1000] m

	

	[10] m

	

	350 km/h

	

	TBD Hz


Table 6.2.3.1-2: Parameters for SFN scenarios
	 Parameter
	Value


	

	[500] m

	

	[5] m

	

	350 km/h

	

	TBD Hz



Based on the design principle in [7] as below,

                                       (1)






Where  is the radius of cell (km/s), is the max delay spread, is the length of Zadoff-Chu sequence, (us)is the duration of PRACH, is the guard samples for pulse shaped filter().








In SFN scenario, equals to and ( is velocity of light). Based on equation (1), we get the range of  (at scenario,) 

                                              (2)



and get the range of  (at scenario,) 

                                              (3)


Based on the calculation results, we can get that the eNodeB needn’t configure too great value for  at SFN scenario. Table 2 gives the available random access sequences number of different search windows for different . 
Table 2: Available random access sequence number
	

	Supporting cell 

Radius 
	  3 search window



	
 5 search window                      (base on Alcatel-Lucent proposal)
	


	15
	1.1km
	13618
	3128
	48

	18
	1.5km
	11100
	2518
	39

	22
	2km
	8902
	1956
	30

	26
	2.7km
	7248
	1584
	24

	46
	5km
	3568
	714
	11

	55
	6km
	2846
	526
	8

	82
	10km
	1620
	232
	3.6




In SFN scenario, there is only one neighbor cell. So, as long as the value  is equal to or more than 2, the PRACH detection performance can be ensured.

From the table 1, we can observe that the number of random access available sequence is enough to avoid interference from neighbour cells in the range of possible configured  in SFN scenario. Even though, the cell radius is reaching 10km, there are enough random access sequences to use.  
Observation 3: the number of random access available sequence is enough to avoid interference from neighbour cells
Proposal 2: it is feasible to develop new cyclic shift restriction set when the Doppler shift beyond the range of [-1.25KHz, +1.25KHz].
Accordingly, we consider define PRACH detection requirements in RAN4.
Conclusions 
In this contribution, we further discuss the issue on PRACH performance and share our view about the methods for improving uplink random access performance. 
Based on the analysis and simulation results,
We observe that 
Observation 1; At the scenario with UE speed more than 400km/h and the carrier frequency 3.5GHz, 
----the Doppler shift the RRH experienced is more than one time PRACH subcarrier interval with unidirectional eNodeB deployments
Observation 2: for UE at cell edge, the Doppler shift in unidirectional eNodeB deployment is not reduced compared to in SFN model.
Observation 3: the number of random access available sequence is enough to avoid interference from neighbour cells
And we propose that
Proposal 1: random access sequence should be enhanced to cope with Doppler shift great than one times PRACH subcarrier interval.  
Proposal 2: it is feasible to develop new cyclic shift restriction set when the Doppler shift beyond the range of [-1.25KHz, +1.25KHz].
Accordingly, we consider define PRACH detection requirements in RAN4.
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