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1. Introduction

In the conventional uplink, where multiple UEs simultaneously transmit to a single reception point and coordination among eNodeBs is limited to semi-static signalling of load and interference indicators via the X2 backhaul, timing advance (TA) is used to align, if possible, the FFT windows of the various signals impinging at the eNodeB. Ideally, in order to maintain orthogonality among the subcarriers, the relative shift of the FFT windows is less than one cyclic prefix (CP) if the latter is chosen according to the delay spread of the channel. 
In UL CoMP the coordination between eNodeBs is dynamic, e.g., at sub-frame level, including the possibility of joint reception (JR) of a UE’s signal at more than one eNodeB. Consequently, the reception point for a UE may change in time or multiple reception points exist, the former being the case in dynamic point selection (DPS) whereas the latter applies in JR. In this contribution, we provide some views on the specification impact of UL CoMP regarding existing TA mechanisms.
2. General Observations on UL CoMP Scenarios and Use Cases
The TA basically compensates for the propagation delay between the UE and the reception point [1]. Due to the nature of the wireless channel, e.g., its multi-path propagation, and the mobility of the UE, synchronous reception at the eNodeB requires careful monitoring of and regular updates to the TA mechanism. The tracking and adjustment of the TA occur both autonomously at the UE [2] and controlled by the EUTRAN through dedicated MAC control elements [3]. 
In UL CoMP, e.g., scenario 2, 3, and 4 [4], the reception points may be geographically dispersed and the associated propagation delays (viz. timing advances) may differ vastly. At the same time, a UE can only adjust its uplink timing according to one reference point. In order to guarantee that all signals and their respective multi-path replicas arrive at the intended receiver(s) within one CP, an extended CP could be configured. 
Observation 1: The configuration of an extended CP is not a feasible solution for the operation of UL CoMP due to the loss in efficiency incurred by a static configuration. A dynamic configuration neither is a desirable solution for backward compatibility with legacy UE ought to be maintained and a dynamic configuration would still incur a loss in efficiency since the eNodeB may need to serve both CoMP and non-CoMP UEs simultaneously.
Observation 2: Even though a misalignment of FFT windows at the eNodeB by more than one CP could be handled by advanced receivers it does not constitute a commendable design choice. Rather, the fundamental benefits of an SC-FDMA air interface should be preserved even for UL CoMP.
Observation 3: Due to the coordination between several reception points necessitated by UL CoMP, it seems likely that mainly stationary UEs are suitable for such a configuration and highly mobile users with fast changing propagation delays will not be configured for UL CoMP. Frequent and abrupt updates to the TA of a UE suitable for UL CoMP are hence governed by the network deployment, viz., the distances between the eNodeBs, rather than the mobility of the UE. 

Observation 4: Beyond UL CoMP, there are currently several other WIs discussed in RAN1 that require synchronous reception in the downlink, for instance, eICIC by means of almost blank sub-frames [5] and DL CoMP [6]. Though generally not considered uplink-downlink reciprocal, the propagation delays are dominated by the distance between the transmitter and the receiver and the large-scale scattering environment. It seems reasonable to assume that UEs which receive the signals and their respective multi-path replicas from several eNodeBs in the downlink within one CP do not require more than one TA to the same set of eNodeBs in the uplink. In particular, the denser the deployment of eNodeBs becomes, as is the case in heterogeneous networks, the more likely it is that DL reception from (UL reception at) multiple eNodeBs occurs within one CP with respect to the FFT windows of the received signals. This is especially the case in CoMP scenarios 3 and 4.
From the above observations, we arrive at the following proposals.

3. Necessary Specification Changes for UL CoMP

In CoMP scenarios 3 and 4 it is important to note that the DL serving cell need not be the UL serving cell. In Figure 1, for example, a UE might not be in the coverage area of the low power node due to its significantly lower transmit power, however, since the pico eNodeB is closest to the UE, it is most energy efficient for the UE to transmit its data to that cell since less pathloss has to be compensated through power control.
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According to [7] “the downlink timing is defined as the time when the first detected path (in time) of the corresponding downlink frame is received from the reference cell”. In scenario 4, it is thus possible that the “first path” does not originate from the serving eNodeB, e.g., the cell from which the UE receives the PDCCH. Similarly, in scenarios 1 through 3, the UE can discern the UE CoMP reception points, however, since there are multiple possible reference points now, the definition in [7] may need to be changed.

Proposal 1: If the reference point for the initial transmit timing (e.g., first transmission in a DRX cycle or PRACH transmission) and the UE-autonomous timing adjustment needs to be network-configured for UL CoMP is FFS.
Based on our observations in Section 2 we believe that a single TA suffices and that the TA command should satisfy arrival time requirements at each reception point in the cooperating set. Conversely, a UE should not be configured for UL CoMP if a single TA cannot guarantee that the time requirements at each reception point in the cooperating set are fulfilled. This holds for both DPS and JR.
Proposal 2: There is no need to specify multiple TAs for UL CoMP. A UE should be considered suitable for UL CoMP only if a single TA command suffices to maintain orthogonality between sub-carriers at each reception point in the CoMP reception set.
Proposal 3: How the EUTRAN arrives at the single TA command for multiple reception points is implementation-specific and does not require specification. Since the EUTRAN is the receiving end in UL CoMP, it determines suitable UL CoMP sets for the UEs such that a single TA command suffices per UE. UE-autonomous tracking and adjustment of TA for UL CoMP is FFS. 
Proposal 4: UL timing measurements can be obtained from existing UL signals including non-contention based RA to each reception point as well as SRS and DMRS measurements. If measurements have to be refined for certain CoMP scenarios, e.g., scenario 4, is FFS. 
4. Simulation Results

In this section, we present our simulation results supporting the above observations. The detailed assumptions and parameters can be found in [4], [8] as well as in the Appendix. 
We compare a homogeneous network and a heterogeneous one with two and four low power nodes, namely, the picocells, respectively. The transmit power at the macro eNodeB is fixed at 46dBm (for 10 MHz) whereas the reduced transmit power of the picocell eNodeB is either 24dBm or 30dBm.

We analyze two different TA mechanisms for two different ways to determine the UL CoMP set for a particular UE.

CoMP set determination

The CoMP set of a UE can either be based on the downlink reference signal received power (RSRP) or the pathloss to a particular eNodeB. For simplicity, pathloss refers to the difference between the measured RSRP at the UE and the reference signal transmit power broadcasted in the system information. More precisely, the term pathloss encompasses all effects of large scale fading in this contribution.
One could argue that the RSRP is best suited to find the serving cell for the downlink since it takes into account the transmit power of the reference signal. Pathloss-based methods, on the other hand, are better suited to find a good uplink cell. For instance, in the scenario depicted in Figure 1 the macro eNodeB transmits at a considerably larger transmit power compared to the pico eNodeB and accordingly the UE is served by the former in the downlink as indicated by the dashed arrow. In the uplink, where the UE employs power control to overcome the pathloss to the receiver, the best cell in terms of battery drainage and intercell interference is the one that requires the smallest transmit power at the UE. Hence, the best uplink and downlink cell might not coincide.
For the case where the downlink serving cell is based on the strongest RSRP and the uplink receiving cell is based on the smallest pathloss, Table 1 summarizes the percentage of UEs with different uplink and downlink cell.

Table 1: Percentage of UEs with different UL and DL cells

	Homogeneous

 network
	two picocells

@24 dBm
	two picocells

@30 dBm
	four picocells

@24 dBm
	four picocells

@30 dBm

	0%
	32.93%
	22.65%
	34.54%
	22.22%


The following two observations can be made: the smaller the difference in transmit power between the macro and the pico eNodeB, the less likely a UE is to have differing eNodeBs for uplink and downlink. Secondly, the denser the deployment of base stations, viz., the more picocells are deployed, the same trend occurs since a UE is more and more likely to be in the vicinity of a low power node.
TA  determination

The TA for a UE has to ensure that its transmitted signal satisfies the arrival time requirements at all reception points in the UL CoMP set. Ideally, the relative shift of the FFT windows of the various signals impinging at the eNodeB is less than one CP. As discussed previously, in UL CoMP a UE may experience vastly different propagation delays and delay spreads to the eNodeBs in the CoMP set such that the question arises if a single TA command can ensure synchronous reception of all UEs at the eNodeBs.
We compare two different TA mechanisms at the network side. The first one considers the downlink serving cell, i.e., the cell whose RSRP is largest, as the reference point for the UE. In other words, the UE compensates the propagation delay to the eNodeB from which it receives its downlink data.
Alternatively, the first path impinging at the UE from any eNodeB in the CoMP set can be used as the reference point. Here, the UE tries to compensate the propagation delay to the “nearest” cell. This way, at least in theory, it is guaranteed that a misaligned FFT window only leaks into the following OFDM symbol but not into the previous one. In contrast, with the RSRP-based method a misaligned FFT window potentially leaks into both OFDM symbols adjacent in time in the worst case. 
Table 2 summarizes the simulation results for the five considered scenarios. The two CoMP set and TA determination strategies are labelled pathloss/RSRP and serving cell/first path, respectively. Generally, it can be seen that for all simulated deployment scenarios more than 94% of the UEs are suitable for UL CoMP even though a single TA command is employed by the network side. This supports Proposal 2 that there is no need to specify multiple TAs for UL CoMP. The roughly 3% of UEs for which a single TA command does not suffice to maintain orthogonality between sub-carriers at the receiving end should simply not be configured for UL CoMP.
Though generally the “first path” method yields better performance results compared to the “serving cell” method there is no need to specify any such scheme. It is up to the network to decide how to calculate the optimal TA command for multiple reception points including how to obtain the necessary measurements. 
While the network can re-use any existing uplink signals for the purpose of timing estimation, we note that in this contribution we have not made any assumptions about the UE behaviour. If and how the UE should track the timing to multiple reception points is left FFS.
Table 2: Percentage of users that satisfy arrival time requirements at each reception point in the cooperating set

	Num. eNodeBs 

in UL CoMP set
	Measurement
	TA reference
	Homogeneous

 network
	two picocells

@ 24 dBm
	two picocells

@ 30 dBm
	four picocells

@ 24 dBm
	four picocells

@ 30 dBm

	2
	pathloss
	serving cell
	98.11%
	97.37%
	97.40%
	98.61%
	98.57%

	2
	pathloss
	first path
	98.42%
	98.39%
	98.42%
	99.19%
	99.17%

	2
	RSRP
	serving cell
	98.11%
	95.19%
	95.89%
	96.41%
	97.21%

	2
	RSRP
	first path
	98.42%
	96.95%
	97.20%
	97.79%
	98.26%

	3
	pathloss
	serving cell
	97.37%
	96.20%
	96.23%
	97.93%
	97.87%

	3
	pathloss
	first path
	97.57%
	97.17%
	97.20%
	98.45%
	98.41%

	3
	RSRP
	serving cell
	97.37%
	94.03%
	94.68%
	95.21%
	96.06%

	3
	RSRP
	first path
	97.57%
	95.68%
	95.96%
	96.60%
	97.11%


5. Conclusion

In this contribution, we summarized our views on the need for multiple TAs in UL CoMP. Based on some initial observations, our proposals are as follows:

Proposal 1: If the reference point for the initial transmit timing (e.g., first transmission in a DRX cycle or PRACH transmission) and the UE-autonomous timing adjustment needs to be network-configured for UL CoMP is FFS.
Proposal 2: There is no need to specify multiple TAs for UL CoMP. A UE should be considered suitable for UL CoMP only if a single TA command suffices to maintain orthogonality between sub-carriers at each reception point in the CoMP reception set.

Proposal 3: How the EUTRAN arrives at the single TA command for multiple reception points is implementation-specific and does not require specification. Since the EUTRAN is the receiving end in UL CoMP, it determines suitable UL CoMP sets for the UEs such that a single TA command suffices per UE. UE-autonomous tracking and adjustment of TA for UL CoMP is FFS. 

Proposal 4: UL timing measurements can be obtained from existing UL signals including non-contention based RA to each reception point as well as SRS and DMRS measurements. If measurements have to be refined for certain CoMP scenarios, e.g., scenario 4, is FFS. 

6. Appendix — Simulation Parameters
If not further specified in Table 3 the baseline assumptions in [4] were used.

Table 3: Simulation parameters

	Channel Model 
	ITU UMa for Macro; 
ITU UMi for low power nodes as in [4] for scenario 3/4

	Bandwidth
	10 MHz

	Number of UEs per cell
	60 (see [8] for details)

	Number of antennas at eNodeB
	4

	Number of antennas at UE
	2

	Placing of UEs
	Uniform distribution for homogeneous network;
Configuration 4b [8] for heterogeneous network

	Antenna pattern for low power nodes
	Omnidirectional 

	Antenna configuration for low power nodes
	Random boresight
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