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1 Introduction
In RAN1 54bis, the configuration of extended cyclic prefix (CP) in downlink and normal CP in uplink was discussed for LTE system [1]. To continue this discussion, we investigate the issue of different time delay spread for uplink and downlink distributed antenna system, which is also valid for LTE-A CoMP system. Our analysis and system simulation results demonstrate that, in a multiple remote radio unit (RRU) joint processing situation, the time delay spread causes more problems in distributed antenna cell than in the centralized antenna cell without joint processing. Moreover, uplink has stricter delay spread requirement than downlink if multiple RRU are scheduled for downlink and uplink joint transmission and reception. Accordingly, we propose to add one option of Extended CP for uplink and Normal CP for downlink to cover the scenarios mentioned above. 
In total, three options are recommended to be supported for different scenarios and considerations:
· Option1 – adopt the same CP type for uplink and downlink
· Option2 – adopt Extended CP for uplink and Normal CP for downlink 
· Option3 – adopt Extended CP for downlink and Normal CP for uplink 
2 Time delay issue in distributed antenna system
In this section, different time delay for uplink and downlink joint processing mode is analyzed. In distributed antenna system, UE could be served by multiple RRUs simultaneously and the multiple RRUs are connected to the eNB by physical links, e.g. optical fiber. The time delays from the distributed RRUs to the eNB are fixed so that they could be compensated by initial network time alignment, i.e. the synchronization among RRUs belong to the same eNB can be done based on eNB-to-RRU interface easily. Therefore, the time delay analysis on CP length can be focused on the air-interface transmission delay spread.
2.1 Downlink issue
Downlink time delay issue is interpreted in Fig. 1. For simplicity, it is assumed that up to two RRUs can serve one UE, and the two RRUs are connected to the eNB via physical links. Inter-site-synchronization is accomplished, i.e. RRUs transmit signals at the same time instance. Define (1 and (2 as the transmission time from RRU1 and RRU2 to UE respectively. The total delay spread at UE is the sum of downlink time difference from RRU1 and RRU2 plus the multi-path delay, i.e. (
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 is the multi-path delay as in the centralized cellular system without joint processing, where CP length is required to satisfy


[image: image3.wmf]Multipathdownlink

CP

t

<


where CPdownlink denotes downlink CP length.
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Fig. 1 Downlink time delay issue in joint transmission
When the UE is located with the similar distances from the RRUs (Case A in the figure, (1((2), time delay issue is similar with centralized cellular system without joint processing. But when the UE is located near RRU2 but far away from RRU1 (Case B in the figure, (1>>(2), the total delay spread may be extended beyond the CP coverage, thus inter-symbol-interference (ISI) would affect the receiving performance.

Therefore, extended to the scenario that multiple RRUs serve one UE simultaneously, the requirement for downlink CP is expected to have CP length larger than the total time delay spread, or


[image: image5.wmf]{

}

 ,  , 

 

  

maxmaxmin

UEkRRUiUEkRRUiMultipathdownlink

RRUi

UEkRRUi

CP

ttt

éùéù

-+<

ëûëû


where 
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 denotes transmission time delay from the i-th serving RRU to k-th UE.
Consequently for downlink issue:

· Time delay issue is more serious in distributed antenna system and LTE-A CoMP system than that in centralized cellular system without joint processing. 

· The issue is more evident as the number of joint processing RRUs increases.

2.2 Uplink issue
Similar with downlink, the uplink CP length in the traditional centralized cellular system is required to satisfy
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where CPuplink denotes uplink CP length.
In a distributed antenna system, due to the fact that signals from multiple UEs scheduled in the same TTI arrive at RRUs at different time instant, the delay spread at uplink receiver is more serious than in downlink, which brings higher requirement to uplink CP.
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Fig. 2 Uplink time delay issue in joint reception
Uplink time delay issue is interpreted in Fig. 2. A scenario with 3 UE and 3 RRUs (connected to the same eNB) is shown. Assuming the time delays for the k-th UE to the i-th RRU is 
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 and the timing advance is based on the RRU with strongest reference signal receiving power (RSRP), which is referred as RRU TA. Consequently, the timing advance for UE k is 
[image: image10.wmf] , 

UEkRRUTA

t

. In the example, we assume that the timing advances for UE1, UE2, and UE3 are based on RRU1, RRU2 and RRU3, respectively. Consequently, the timing advances for UE1, UE2 and UE3 are (11, (22, and (33, respectively. If we use (0 to denote expected arrival time for signals, the times for transmission / reception are shown in Table 1.
Table 1 Transmission / reception times for Fig. 1
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From the table, when (12>>(11 and (33>>(32, the arriving time difference for signal from UE1 and UE3 to RRU2 will be much larger than normal CP length. This situation can cause serious time delay problem and make it impossible to recover signals from all UEs.
The arriving time of signals from UE k is 
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. Hence, the total time delay at the receiver of RRU i is
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When 
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 varies obviously among multiple UEs, depending on the locations of served UEs at the same TTI, the total time delay (the sum of uplink time delay difference and multi-path delay spread) is significantly increased, which is shown in the upper-right corner of Fig. 2. The fact requires CP length should cover all useful signals from all served UEs to avoid inter-carrier interference (ICI) and inter-symbol interference (ISI).
The possibility that the uplink total time delay spread at receiver exceeds the CP range is higher than that in downlink since RRU would handle the time delays from all its served UEs, hence uplink time delay spread may cause higher interference than downlink.
Extended to the scenario that multiple RRUs serve one UE simultaneously, the requirement for uplink CP should satisfy that CP length is larger than the total time delay spread, or
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where 
[image: image18.wmf] , 

UEkRRUi

t

 denotes transmission delay from the k-th UE to the i-th serving RRU; 
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 denotes timing advance for the k-th UE; and CPuplink denotes uplink CP length. 

Consequently, the conclusion for uplink is

· Time delay issue is more serious in the distributed antenna systems or CoMP systems than that in the centralized cellular system without joint processing.
· Time delay issue is more serious in uplink than that in downlink.
3 Evaluation 
Analysis above indicates that the distributed antenna system and other system with joint processing has a higher CP requirement than the centralized cellular system without joint processing, and uplink time delay spread issue is more serious than that in downlink. This can also be proved from the system level simulation results in the Appendix A. 
In the simulations, the same set of RRUs are assumed for both uplink and downlink joint processing. 

RRU choosing rule:
1. Measure maximum RSRP for each user
2. If 
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, pick RRU i as the one of the serving RRUs 
3. If the number of picked serving RRUs of one UE is higher than NMaxRRU, only pick the NMaxRRU RRUs with the strongest RSRP as the serving RRUs  for the user
NMaxRRU is the maximum number of RRUs for joint transmission of a certain UE; RSRP is the reference signal receiving power from a certain RRU to UE, where the same transmit power per RRU is assumed.

Simulation results and analysis:

System simulation shows that when NMaxRRU = 3 and 
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, the probability that normal CP can cover all the strong signals in uplink is reduced from 96% (traditional centralized cellular system) to 66% (distributed antenna system and CoMP). This result indicates that around 1/3 useful signals from UEs could not be covered by the normal CP and are treated as interference. In downlink, however, the deterioration is less. 
From the air-interface point of view, there is no difference between the uplink and downlink time delay per RRU-to-UE link. The reason why uplink and downlink CoMP system has such great discrepancy is because the delay spread of fewer RRU-to-UE links (multiple serving RRUs per UE) is required to be covered by the downlink CP at each UE receiver than those (multiple served UEs per RRU) to be covered by uplink CP at each RRU receiver.  This phenomenon is represented by Fig. 1 and 2. 
4 Conclusion
This contribution analyzes the time delay spread in uplink and downlink respectively for the distributed antenna system and the multi-point processing scenario. Analysis and simulation results prove that the time delay spread issue is more troublesome in uplink. Consequently, it is reasonable to support the options with extended CP in uplink and normal/extended CP in downlink. 
In addition, there are scenarios that uplink delay spread of multiple served UEs does not beyond normal CP, while downlink delay spread exceed the normal CP (e.g. different RRU transmit power), which requires extended CP in downlink and normal CP in uplink. As a summary, three options are expected to be supported by 3GPP release 8 as following:

· Option1 – adopt the same CP type for uplink and downlink

· Option2 – adopt Extended CP for uplink and Normal CP for downlink 
· Option3 – adopt Extended CP for downlink and Normal CP for uplink 
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Appendix A. CDF simulation for time delay issue in CoMP
This appendix provides cumulative density function (CDF) of total time delay.

A.1
Simulation parameters

Table 2 System simulation parameters

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 sites, 3 sectors per site

	Load
	Average 10 UE per sector

	Inter-site distance
	500m

	Distance-dependent path loss
	L=I + 37.6log10(.R), R in kilometers

I=128.1 – 2GHz

	Lognormal Shadowing with shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	20dB

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Channel model
	Spatial Channel Model (SCM)

	Bandwidth
	10MHz

	RRU transmit power
	46dBm

	UE transmit power
	23dBm

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Users dropped uniformly in entire cell
	


	Minimum distance between UE and cell
	>= 35 meters


Note that the taps with power 10dB lower than the strongest tap are dropped (seen as the weakest signals).

A.2
Joint processing mode

The maximum number of coordinated RRU is set to be 2 or 3 separately in the simulation. One UE is served at least by one RRU. When SINR satisfies the requirement of RRU selection equation below, the relevant RRUs are selected to serve the UE. What’s more, the selected RRUs obtain the best channel quality.
A.3
RRU selection algorithm

RRU selection algorithm is based on RSRP. The RRUs selection satisfies:
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where Threshold denotes RRU selection threshold and equals 3 dB or 6dB in the simulation.
A.4
Simulation results
Simulation results for downlink & uplink are shown in Fig. 3&4.
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Fig. 3 CDF of total downlink time delay spread (Th denotes RRU selection threshold)
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Fig. 4 CDF of uplink time delay spread (Th denotes RRU selection threshold)
A.5
Summary
From Fig.3 & 4, some useful data can be obtained as shown in Table 3&4. 

Table 3 Probability that total time delay is smaller than normal CP length for downlink
	
	P{(multipath +(UE-RRU < 4.7(s (normal CP length) }

	RRU selection threshold
	RSRPmax-3dB
	RSRPmax-6dB

	Conventional
	96%
	96%

	Joint transmission 
(max 2 RRUs)
	95%
	94%

	Joint transmission

 (max 3 RRUs)
	94%
	93%


Table 4 Probability that total time delay is smaller than normal CP length for uplink
	
	P{(multipath +(UE-RRU < 4.7(s (normal CP length)}

	RRU selection threshold
	RSRPmax-3dB
	RSRPmax-6dB

	Conventional
	96%
	96%

	Joint transmission

 (max 2 RRUs)
	81%
	76%

	Joint transmission

 (max 3 RRUs)
	78%
	66%


Some observations from the results:

· Larger RRU selection threshold brings higher probability that the total time delay exceeds the normal CP length.

· Allowing more serving RRUs brings high probability that the total time delay exceeds the normal CP length.

· The time delay problem in uplink is more serious than that in downlink.

· When extended CP (16.67(s) is adopted, such problem can be solved (CP length can cover all signals with different delay) in this simulation
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