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1 Introduction
From email discussion after 3GPP TSG RAN WG1 meeting #57, it can be concluded that there is need to clearly understand whether or not the typical UL CoMP scenarios will see a large difference in terms of the relative timing of the signal received at different reception cells” and “Further understanding on the effect of ISI from large relative delay differences at the receiving points is needed” [1]. 

Hence, the contribution interprets the delay spread issue in detail and analyzes the effect of inter-symbol-interference (ISI) with link-level simulation. In order to provide a system-level evaluation method considering the delay spread issue, a modeling method is proposed. Further, some considerations for the delay spread issue are given to solve the delay spread issue.
A text proposal is presented at the end.
2 Clarification for delay spread issue for uplink CoMP

2.1 Delay spread issue in CoMP
For uplink in LTE R8, cyclic prefix (CP) is adopted to eliminate ISI and guarantee the orthogonality among signals on all sub-carriers. To ensure that uplink signals be covered by the CP window, a user equipment (UE) should transmit signal in advance, so that uplink signal arrives at the cell receiver at the expected time.
In Figure 1, a scenario with 3 cells and 3 UEs is shown, and the i-th UE is served by the i-th cell. Assumed the expected receiving time is t0 and the propagation delay from the i-th UE to the k-th cell is (i(k, the propagation delay for the i-th UE is t0 - (i(i. Improper arriving time (earlier or later than the expected time) is detected by cell uplink receiver, and timing advance (TA) adjustment is informed to UE via downlink signaling.
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Figure 1 Delay spread in LTE
In CoMP system, each UE can be served by multiple cells. The signal propagation delays from a UE to different cells are typically different. After TA adjustment, UE’s uplink signal arrives at its anchor cell at the expected time, but may arrive at other cells earlier or later than the expected time. As shown in Figure 2, UE1 is served by Cell1 and Cell2, and UE3 is served by Cell2 and Cell3. Because the propagation delay for the i-th UE is t0-(i(i, Cell2 receives the signals of UE1 and UE3 at t0 - (1(1 + (1(2 (>>t0) and t0 - (3(3 + (3(2 (<<t0), respectively. It can be concluded that the delay spread issue can cause poor detection to uplink CoMP.
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Figure 2 Delay spread in CoMP system

2.2 Clarification for the impact of the delay spread issue
2.2.1 Distribution of uplink signals’ delay spread
The cumulative density function (CDF) of uplink signals’ delay spread is shown in Figure 3, where both the non-CoMP and CoMP systems are investigated. The maximum number of serving cells for a UE is 3, and the threshold for serving cell selection is 6dB. In CASE 1, more than 1/3 of the cells with normal CP will suffer performance degradation. In CASE 3, the issue even causes that almost all cells with normal CP have to suffer performance degradation.
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(a) CASE 1                                                                   (b) CASE 3

Figure 3 CDF of uplink signals’ delay spread
Conclusion: 

· The probability that uplink signals’ delay spread is larger than the normal CP length is high when CoMP is employed.
2.2.2 Performance loss if uplink signal arrives at eNB earlier or later than CP starting point
Link-level simulation is carried out for PUSCH and the results are shown in Figure 4, where the block error rate (BLER) performance for different arriving time is given. Considering that the uplink performance is affected by modulation style and bandwidth, simulation results for 2 links are given (one with QPSK and 4RBs; the other with 16QAM and 25RBs).
Conclusion:

· Uplink transmission suffers performance loss due to earlier or later arriving time.
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(a) QPSK, 4RBs
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(b) 16QAM, 25RBs
Figure 4 Detection performance when signals arrive earlier or later than CP starting point
(CP duration=4.7(s; Positive and negative time denote that the signal arrives at eNB later and earlier than the CP starting point, respectively)
3 System modeling for uplink CoMP considering delay spread issue
From the results above, performance degradation occurs whenever signals arrive earlier or later than the CP starting point, i.e. PUSCH suffers Es/N0 loss. Es/N0 loss vs. signal arriving time exhibits a “U-style” curve, as presented from the “blue” curve (QPSK, 4RBs) and the “red” curve (16QAM, 25RBs) in Figure 5. The Es/N0 loss is different for different modulations and bandwidths. Note that the simulations are carried out under the typical-urban (TU) channel. When the spatial channel model (SCM) is adopted, worse performance may be foreseen because the delay spread for SCM model may be larger than that for TU channel. 
Hence, to simplify system evaluation with consideration of larger delay spread in SCM, it is proposed to employ the “green” curve in Figure 5 to simulate the impact of ISI caused by earlier or later signal arriving time. That is, the signals whose arriving time lies outside the range [0(s, CP_length-1(s] will suffer unbearable performance degradation due to ISI, where CP_length denotes the length of CP.
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Figure 5 Es/N0 loss vs. signal arriving time
According to the description above, system simulation methodology is proposed to take the following rules into consideration, as shown in Figure 6:

· Only the signals whose arriving time lies inside the range [0(s, 3.7(s] can be helpful for detection during TTIs with normal CP.

· Only the signals whose arriving time lies inside the range [0(s, 15.67(s] can be helpful for detection during TTIs with extended CP.
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Figure 6 Recommended modeling for uplink CoMP system evaluation
4 Some considerations for the delay spread issue

4.1 Solutions to the delay spread issue
From [2][3], extended CP can weaken the delay spread issue. However, the system efficiency is lowered with extended CP due to high CP overhead. Consequently, it is proposed to adopt flexible CP, i.e. different TTIs adopt different CP lengths. This method can benefit the system in that performance gain from CoMP can be obtained without high overhead. The UEs who cause large delay spread can be scheduled in the TTIs with extended CP, so that they could be served by more cells; and the other UEs can be scheduled in the TTIs with normal CP, so that the delay spread issue is not so evident and CoMP can take the best effect in improving their throughputs.

In order to further enhance throughput improvement, a new TA adjustment scheme is also proposed, i.e. TA adjustment is based on the cell with the minimum propagation delay in the active CoMP set.
System-level simulation results are shown in Table 1 for throughput improvement of CoMP system over non-CoMP system with normal CP. The simulation parameters are given in Table 2. From the results, the following conclusions can be drawn:
· Albeit extended CP ensures detection performance for the signals with large delay spread, its large overhead brings down the cell average throughput.
· Flexible CP can weaken delay spread issue without a high CP overhead and bring evident improvement to the system performance in CoMP.
· When TA adjustment is based on the cell with the minimum propagation delay in the active CoMP set, the system performance can be further improved.

Table 1 Throughput improvement of CoMP system over non-CoMP system with normal CP

	Throughput improvement over non-CoMP system with normal CP
	Cell Average
	Cell Edge

	Normal CP
	Case1
	6.41%
	17.31%

	
	Case3
	4.00%
	24.74%

	Extended CP
	Case1
	-10.04%
	4.49%

	
	Case3
	-13.07%
	17.27%

	Normal CP with new TA adjustment scheme
	Case1
	8.38%
	24.50%

	
	Case3
	4.83%
	35.05%

	Flexible CP (1/10 TTIs adopt extended CP)
	Case1
	6.15%
	23.30%

	
	Case3
	2.58%
	38.38%

	Flexible CP with new TA adjustment scheme
	Case1
	9.24%
	34.19%

	
	Case3
	3.96%
	53.95%


4.2 Uplink enhancement for accurate timing estimation

In order to guarantee the effect of the solutions, the timing estimation in the uplink should be accurate enough, for all coordinated points in the active CoMP set. Since the coordinated points receive uplink signal with lower quality than the serving cell, uplink timing estimation at coordinated points should be enhanced, which may be realized with enhanced sounding reference signal (SRS).
5 Conclusion

To clarify the problems about delay spread issue in the email discussion after 3GPP TSG RAN WG1 meeting #57, detailed analysis is given with aid of both link-level and system-level simulation. Based on the results, a system modeling for uplink CoMP considering delay spread issue is proposed in the contribution. System simulation methodology is proposed to take the following rules into consideration:
· Only the signals whose arriving time lies inside the range [0(s, 3.7(s] can be helpful for detection during TTIs with normal CP.

· Only the signals whose arriving time lies inside the range [0(s, 15.67(s] can be helpful for detection during TTIs with extended CP.

Based on the modeling, performance evaluation with the flexible CP is carried out. The results indicate that

· Flexible CP can weaken delay spread issue without a high CP overhead and bring evident improvement to the system performance in CoMP.

· When TA adjustment is based on the cell with the minimum propagation delay in the active CoMP set, the system performance can be further improved.

Consequently, it is proposed to adopt flexible CP and multi-cell coordinated TA adjustment scheme in uplink CoMP. Enhancement for uplink timing estimation mechanism should also be investigated to guarantee the effect of the solutions.

6 Text proposal
We propose to capture the following text in TR 36.814 [4]:

-------------------------------------------Text proposal for TR36.814 section 8.2[4] ---------------------------------------------
8.2 Uplink coordinated multi-point reception
Coordinated multi-point reception implies reception of the transmitted signal at multiple, geographically separated points. Uplink coordinated multi-point reception is expected to have very limited, impact on the RAN1 specifications. Scheduling decisions and uplink synchronization can be coordinated among cells to control interference and may have some RAN1 specification impact. Enhancement for uplink timing estimation mechanism might be needed.
Extended CP operation in certain UL subframes should be supported.
----------------------------------------Text proposal for TR36.814 section A.2.1.1.3[4] -----------------------------------------
A.2.1.1.3   Assumptions for Coordinated Multi point Transmission and Reception Evaluations 

Performance evaluations should at least provide details related to:

· Cooperating scheduler

· CoMP category

· Feedback assumption and feedback impairment modelling

· Backhaul assumptions

· Time/frequency synchronization assumptions

· Transmission modes: 

· MU-MIMO and/or SU-MIMO operation in conjunction with CoMP

· Selection of transmission mode (assumptions on how dynamic or semi-static the transmission mode can be selected)

· Creation and maintenance of CoMP sets: 

· Assumptions on CoMP sets definition and creation

· fixed vs. adaptive clusters, size of cluster…

Geometry cdf for the CoMP UE should be provided where appropriate, compared to the geometry cdf for a non-CoMP UE. 
For uplink multi-point reception, delay spread issue brings impact to the performance. System simulation methodology should take the following rules into consideration:

· Only the signals whose arriving time lies inside the range [0(s, 3.7(s] can be helpful for detection during TTIs with normal CP.

· Only the signals whose arriving time lies inside the range [0(s, 15.67(s] can be helpful for detection during TTIs with extended CP.

· The performance of downlink/uplink multi-point transmission and reception, and advanced ICIC techniques is sensitive to the backhaul capacity and latency. In general, the backhaul latency could be classified into the following  categories

· Minimal latency (in the order of μs) for eNB to RRH links

· Low latency (<1 ms) associated with co-located cells or cells connected with fibre links and only limited number of routers in between
· Typical inter-cell latency associated with X2 interfaces.

The X2 backhaul latency, or more generally latency between new nodes, or new nodes and eNBs, or between eNBs, is highly deployment dependent such as whether there is a dedicated X2 fibre network or a generic IP network. 

The proponents should describe and justify the model assumed in particular studies.

----------------------------------------------------------End proposal----------------------------------------------------------------
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Appendix A. 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

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

I=128.1 – 2GHz

	Lognormal Shadowing with shadowing standard deviation
	8 dB

	Antenna pattern (horizontal)

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

	Antenna configuration
	1 (UE) ( 2 (Cell receiver)

	Bandwidth
	10MHz

	UE transmit power
	23dBm
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