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1 Introduction
This contribution is a resubmission of R1-090518.
In RAN1 #55, the initial study of uplink and downlink time delay issue is introduced for distributed antenna system [1] and different uplink and downlink cyclic prefix (CP) configuration is agreed to adapt to different scenarios. To continue the study, we further analyze the uplink time delay issue in inter-cell CoMP joint reception mode. It is discovered that, similar to the distributed antenna system, the performance and flexibility of CoMP joint reception mode may be limited by the time delay from UE to the multiple cells. In this contribution, two timing advance adjustment schemes are proposed to address this limitation:
· Scheme1 – UE uplink transmission time is adjusted to be synchronized to the anchor cell
· Scheme2 – UE uplink transmission time is adjusted to be synchronized to the cell with minimum transmission delay in the active CoMP set
Extended uplink CP is a complementary method for these two schemes.

In this document, detailed solutions are analyzed about the two schemes and their profits and constraints are described respectively. Simulation comparison shows that Scheme 2 is recommended due to the larger CoMP scheduling flexibility and better detection performance. In addition, it is preferred that TA adjustment should be limited to a certain range so that the transmission to anchor cell is not affected.
A text proposal is presented at the end.

2 Uplink time delay analysis in CoMP joint reception mode
In the common communication systems, all UEs would adjust their uplink transmission time instance so that their signals arrive at the network at approximately the same time instance (synchronization requirement). In LTE R8, a timing advance (TA) command is sent to each UE by eNB to compensate for the individual propagation delay between the UE and the network to ensure the above synchronization requirement. Moreover, in order to properly receive the uplink signals, the UEs’ signals are expected to arrive at the receiver at around the OFDM CP starting point so that multi-path delay would be absorbed by CP. The UEs whose signal arrive earlier than the CP starting point or later than the CP have poor detection performance and need to adjust the uplink transmission time instance via TA. In this paper, the CP range is called the cell receiving time window. It is known that eNB would maintain the uplink timing control for each UE by sending TA command on a per-need basis.
2.1 CoMP joint reception mode
In CoMP joint reception mode, a UE would be jointly served by multiple cells, which compose the active CoMP set for the UE. The eNB will choose and maintain the active CoMP set for the UE based on the channel condition, e.g. RSRP, from this UE to candidate cells. The cell with best channel condition in the active CoMP set is recommended to be the anchor cell [4], from which the UE detects the system information and its dedicated control signalling of multi-cell coordination information. Moreover, A UE will synchronize to one cell within the active CoMP set, which is called TA cell. It is noted that the anchor cell isn’t bound to be the TA cell.
After TA adjustment, each UE arrives at its TA cell at a certain time. We take t=0 for ease of description in the paper. As shown in Figure 1, UEi is synchronized to celli, and is jointly served by its active CoMP set.
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Figure 1 CoMP joint reception mode
2.2 TA issue for CoMP joint reception mode
It has been pointed out that the signal propagation delays from UE to different cells are typically different [1][2], thus the UE’s signal may arrive at some of its non-TA cells at the time instance outside the receiving time window, e.g.: (
[image: image2.wmf]t

 denotes UE’s signal arriving time instance and 
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· UE2 is synchronized to cell2, thus UE2’s uplink signals will arrive at cell2 within the receiving time window, i.e. 
[image: image4.wmf]0

CP

tT

£<

;

· UE1 is synchronized to cell1 and is far away from cell2, thus UE1’s uplink signals may arrive at cell2 later than the receiving time window, i.e. 
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· UE3 is synchronized to cell3 and is nearer to cell2, thus UE3’s uplink signals may arrive at the cell2 earlier than the receiving time window, i.e. 
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Therefore in CoMP joint reception mode, UEs’ signals to non-TA cells in the active CoMP set may arrive at the instance outside the receiving time window of that cell, and may result in poor detection performance. This phenomena pushes us to reconsider the timing advance adjustment criterion in CoMP joint reception mode in order to ensure:
· CoMP joint reception performance

· CoMP scheduling flexibility

Note that the CoMP joint transmission and reception achieves maximum CoMP gain at the cost of large data and scheduling information exchanging/sharing. As stated in [3], the coordination flexibility for inter-eNB CoMP is limited by the latency and burden on X2 interface, thus we mainly consider the intra-eNB joint reception in this paper. However, the possible extension to inter-eNB scenario should not be precluded.
3 Timing advance adjustment criterion in CoMP joint reception mode
Two schemes are proposed for timing advance adjustment criterion in CoMP joint reception mode.
3.1 Scheme1
UE uplink transmission time is adjusted to be synchronized to the anchor cell 

i.e. TA cell is the anchor cell and UE is synchronized to anchor cell. Since anchor cell is usually selected with the largest RSRP or minimum large-scale fading criterion, the UE will synchronize to the cell with best quality in its active CoMP set.
Pros:
· This method maintains backward compatibility.

Cons:
· In this scheme, the UE would synchronize to the anchor cell while the active CoMP set is selected on the basis of the channel condition. Thus the UEs’ signals to non-anchor cells in the active CoMP set may arrive at the instance outside the receiving time window of that cell, and may result in poor detection performance.
Extended uplink CP is a complementary method to enhance the eNB scheduling flexibility by including more UEs’ signals in the cell receiving time window. However, the cells which are nearer to UE than its anchor cell will still have poor detection performance (
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3.2 Scheme2
UE uplink transmission time is adjusted to be synchronized to the cell with minimum transmission delay in the active CoMP set
i.e. UE adjusts the uplink TA to the closest cell in the active CoMP set, thus the UE’s signal will arrive at all the cells in its active CoMP set at 
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. With this method, the candidate cell, which is nearer than the former TA cell to the UE, could be included into the active CoMP set after TA adjustment. Since the nearer cell usually has good channel condition (RSRP, etc), the UE will probably benefit more from CoMP joint reception with this cell in the active CoMP set.
Pros:

· This method ensures the correct arriving time instance and good signal detection performance, thus benefit the CoMP joint reception performance.
· Enhance the scheduling flexibility since the cells with good channel condition could be included in the active CoMP set selection with timing advance adjustment.
Cons:
· eNB has to know all the time delay from individual UE to each candidate cells and take the time delay factor into active CoMP set selection procedure.

· TA adjustment is required when entering CoMP joint reception mode.
Similar to the previous section, extended uplink CP is also a complementary method.
Furthermore, it is better to limit the TA adjustment within a certain range, so that UE’s signal won’t bring impact to anchor cell’s receiving performance. The range is recommended for future study.
There are two methods to estimate the time delay from UE to each candidate cells:
· Uplink measurement by eNB.
· Downlink measurement by UE and a report to eNB is needed for each link.
The detailed solutions, such as measurement parameter/ report frequency, need more investigation and are recommended for future study.
4 Evaluation
System and link simulations have been carried out for evaluation. In the simulation, the maximum number of serving cells for each UE is NMax-cell. 
For Scheme 1, the active CoMP set selection and TA procedure is as follows:
1. The cell with maximum RSRP is the anchor cell for each UE.
2. If RSRPcelli > RSRPanchor – Threshold, pick cell i as one of the candidate serving cells. If the number of picked serving cells of one UE is higher than NMax-cell, only pick the NMax-cell cells with the strongest RSRP as the serving cells for the UE; otherwise, the serving cell number is the same as the actual picked cells.
3. UE is synchronized to the anchor cell. 
For Scheme 2, the active CoMP set selection and TA procedure is as follows:
1. The cell with maximum RSRP is the anchor cell for each UE

2. If RSRPcelli > RSRPanchor – Threshold, pick cell i as one of the candidate serving cells. The time delay from the UE to this cell should be known to eNB.
3. The cell, which requires TA adjustment within a certain range and has minimum time delay in the candidate serving cells, is the TA cells for the UE. UE is synchronized to the TA cell.
The simulation results for CASE 1 (whose parameters are given in Table A.2.1.1-1 in [5] or Table 3 in the paper) are listed here while the results for CASE 3 are given in the appendix.
Note that we take “CoMP UE” to indicate the UE who is qualified to be served by at least two cells (at least one non-anchor cell satisfying RSRPcelli > RSRPanchor – Threshold). 

4.1 Arriving time instance comparison 
This part compares the arriving time delay of all served UEs’ uplink signals at the cell. Note that “Th” denotes the Threshold for serving cell selection.
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Figure 2 Arriving time delay at all the serving cell components
From Figure 2, it is observed that the total arriving time delay spread is more dispersive for Scheme1 than that for Scheme2. Thus with Scheme2, UEs’ signals would have higher probability to arrive at the non-TA cells within the receiving time window.
For further analysis, we compare the arriving time instance of UE uplink signals at non-TA cells.
CDF of signal arriving time at non-TA cells for the CoMP UEs is given in Figure 3 when NMax-cell=2, Threshold =3dB/6dB.
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Figure 3 CDF of signal arriving time at non-TA cells for the CoMP UEs
It is observed that with Scheme1, only less than 60% of CoMP UEs’ signals arrive at non-TA cells within the receiving time window. More than 30% CoMP UEs’ signals arrive earlier than the CP starting point of the non-TA cells and more than 10% CoMP UEs’ signals arrive later than the CP ending point. 
With Scheme2, around 80% CoMP UEs’ signals will arrive at non-TA cells within the receiving time window and all UEs’ signals will arrive later than the CP starting point.
Conclusion:

· With Scheme2, more UEs’ signals will arrive at the non-TA cells within the receiving time window.
4.2 Uplink signal detection performance of the signals outside receiving time window
This section gives the simulation result of signal detection performance for those UEs whose arriving time instances are outside the receiving time window of the corresponding cells.
The simulation results are shown in Figure 4, where the block error rate (BLER) performance for different arriving time instances is given. Positive time instance denotes that signal arrives at eNB later than the CP starting time and negative time instance denotes that signal arrives at eNB earlier than the CP starting time. Note that normal CP is considered in the simulation (CP duration=4.7(s).
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Figure 4 Detection performance of the signals outside receiving time window
It is shown that if the signal arrives at 0.39us earlier than CP starting point, or arrives around the CP ending point, the detection performance degradation becomes intolerable. Therefore, a cell should not serve the UE whose arriving time instance is outside the receiving time window of that cell, because the UE’s signal which arrives earlier than the CP starting point brings down the performance and cause inter-carrier –interference (ICI) to other UEs. For those signals which arrive later than normal CP duration (4.7(s) but earlier than extended CP duration (16.67(s), adopting the extended CP would be helpful for their demodulation.
The simulation results of the previous section indicate that with Scheme1, more than 30% CoMP UEs would arrive at the serving cell earlier than its receiving time window. That’s to say, the CoMP joint reception performance would be severely degraded for those UEs. This would not happen with Scheme2, since all the signals will arrive later than the CP starting point.
Conclusion:

· Scheme 2 brings better uplink signal detection performance.
4.3 Probability of CoMP UEs
As pointed out in the previous section, a cell should not serve the UE whose arriving time instance is outside the receiving time window of that cell. Thus we simulate the probability of UEs whose signals arrive each serving cell within its receiving time window with Scheme1 and Scheme2, i.e. the probability of UEs whose channel condition are eligible for CoMP joint reception mode. Thus these UEs will have satisfying signal quality as well as correct timing from the corresponding cell. 
Table 1 Probability of CoMP UEs under CASE 1 for NMax-cell=2
	P{CoMP UE}
	Scheme1

Normal CP
	Scheme2

Normal CP
	Scheme1

Extended CP
	Scheme2

Extended CP

	Th=3dB
	13.42%
	20.07%
	16.46%
	25.01%

	Th=6dB
	25.71%
	36.13%
	31.54%
	44.82%


From Table 1, when Scheme 2 is adopted, the probability of eligible CoMP joint reception UEs increases by about 1/3 over Scheme 1.
Conclusion:

· With Scheme2, 1/3 more UEs are eligible for CoMP joint reception mode to obtain the uplink macro diversity gain and the eNB has more scheduling flexibility.
From the above simulations, it is concluded that Scheme2 has advantages at following aspects:
· Ensure CoMP joint reception performance
· Grant eNB more scheduling flexibility 

· More UEs can enter the CoMP joint reception mode

· Appropriate cells can be selected in the active CoMP set for UE
Thus it is recommended to adjust uplink TA to the cell with minimum delay in the active CoMP set in CoMP joint reception mode.
5 Conclusion

This contribution analyzes the uplink timing advance adjustment issue in CoMP joint reception mode. The timing advance adjustment mechanism is different from LTE R8 system because the UE has multiple receiving cells, but it could only synchronize to the TA cell. Problem occurs when the UE signals to non-TA cell in the active CoMP set arrive at the instance outside the receiving time window of that cell. Two schemes are proposed to address the timing advance adjustment in CoMP joint reception mode:
· Scheme1 – UE uplink transmission time is adjusted to be synchronized to the anchor cell
· Scheme2 – UE uplink transmission time is adjusted to be synchronized to the cell with minimum transmission delay in the active CoMP set
Analysis and simulation results show that Scheme2 outperforms scheme1 for larger CoMP scheduling flexibility and better signal detection performance. It is recommended to be considered in the timing advance adjustment mechanism when entering CoMP joint reception mode.
It is also noted that the methods to estimate the time delay from UE to each candidate cells need more investigation and are recommended for future study.

6 Text proposal
We propose to capture the following text in Section 8.2 of TR 36.814 [5]:

---------------------------------------------------Text proposal for TR36.814[5] --------------------------------------------------
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. In the multi-cell joint reception mode, UE transmission time is adjusted based on propagation delay measurements of the links between the UE and all serving cells. Minimum of these propagation delay measurements is used to issue a Timing Advance (TA) command to the UE.
----------------------------------------------------------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

	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)
	
[image: image14.wmf](

)

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

=

m

dB

A

A

,

12

min

2

3

q

q

q



[image: image15.wmf]dB

3

q

 = 70 degrees,  Am = 20 dB 

	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).

Table 3 UTRA and EUTRA simulation case minimum set [5]
	Simulation
	CF
	ISD
	BW
	PLoss
	Speed

	Cases
	(GHz)
	(meters)
	(MHz)
	(dB)
	(km/h)

	1
	2.0
	500
	10
	20
	3

	2
	2.0
	500
	10
	10
	30

	3
	2.0
	1732
	10
	20
	3

	4
	0.9
	1000
	1.25
	10
	3


Appendix B. Simulation results for CASE 3
CASE3 has similar results to CASE1.
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Figure 5 Arriving time delay at all the serving cell components
Table 4 Table1 probability of CoMP UEs under CASE 3 for NMax-cell=2
	P{CoMP UE}
	Scheme1

Normal CP; 
	Scheme2

Normal CP
	Scheme1

Extended CP; 
	Scheme2

Extended CP; 

	Th=3dB
	18.15%
	23.24%
	21.06%
	28.11%

	Th=6dB
	33.42%
	40.87%
	39.19%
	49.35%
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