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Introduction
In 3GPP RAN #50 meeting, a revised CoMP study item was agreed for Release 11 [1]. As an initial phase of the discussions, RAN1 should
· Consider whether further refinements to the simulation assumptions from the agreements reached during the LTE-Advanced study item are needed to align with potential deployment scenarios, considering possible antenna configurations, data traffic model, network synchronization accuracy, and coordination capability including centralized or distributed scheduler assumption and their message exchange data rate and latency
In this contribution, we provide some views related to those simulation assumptions
Simulation assumptions 
Deployment scenarios

For intra-cell CoMP, the coordination is done among the RRHs distributed within the cell as shown in Figure 1.
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Figure 1. An illustration of intra-cell CoMP.

For inter-cell CoMP, depending on the nature of the coordinated cells, we can further divide CoMP schemes into

· CoMP for homogeneous networks (intra-site and inter-site)
· CoMP for heterogeneous networks
Illustrations for the above categorization are provided in Figure 2.
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Figure 2. Illustrations of CoMP for homogeneous and heterogeneous networks.
Antenna configurations

The antenna configurations prioritized for CoMP evaluations agreed in [4] and are not fully inline with the 4Tx and 8Tx deployments agreed during Rel. 10 timeline [2,3] for feedback enhancement evaluations. It is recommended to prioritize the same antenna set-up as in [2,3] for homogeneous and heterogeneous deployments, with a special emphasis on dual-polarized antennas:
1.   2 Tx antennas

· 1st priority: Cross-polarized antennas X
· 2nd priority: Co-polarized antennas with 0.5-lambda spacing ||
· Assumptions on eNB antenna polarization angles

· Cross-polarized: +/- 45 degrees

· Co-polarized: Vertically polarized 

2.   4 Tx antennas

· 1st priority: Cross-polarized antennas with 0.5-lambda spacing XX
· In this case, assume 2 and 4 cross-polarized Rx antennas for UE 

· 2nd priority: Cross-polarized antennas with 4-lambda spacing X       X
· In this case, assume 2 and 4 cross polarized Rx antennas for UE

· 3rd priority: Co-polarized antennas with 0.5-lambda spacing ||||
· In this case, assume 2 Rx cross-polarized and/or co-polarized antennas for UE 
· Assumptions on eNB antenna polarization angles

· Cross-polarized: +/- 45 degrees

· Co-polarized: Vertically polarized 

3.   8 Tx antennas
· 1st priority: Cross-polarized antennas with 0.5-lambda spacing. XXXX
· In this case, assume 2 and 4 cross-polarized Rx antennas for UE 

· 2nd priority: Co-polarized antennas with 0.5-lambda spacing  ||||||||
· In this case, assume 2 Rx cross-polarized and/or co-polarized antennas for UE 

· 3rd priority: Cross-polarized antennas with 4-lambda spacing  X       X        X       X
· In this case, assume 4 and 8 cross-polarized antennas for UE 

· Assumptions on eNB antenna polarization angles

· Cross-polarized: +/- 45 degrees

· Co-polarized: Vertically polarized 

Note that single antenna set-up has not been mentioned on the above list. However, this does not mean that single antenna case is not of interest or of less priority. Applications and simulations based on single antenna could be of importance especially for intra-cell CoMP using RRHs where the number of RRHs per location is one. For example, the number of antennas involved in intra-cell CoMP operation could be a multiple number but there would only be a single antenna per RRH location. In such cases, it would be reasonable to assume zero correlation for the antennas due to significant separation in distance. 

In addition, for those cases where there are multiple antennas per RRH location, the assumption within the multiple antennas belonging to the same RRH location would follow the assumptions specified above. However, the antennas belonging to different RRH locations should again assume zero correlation.
Network synchronization accuracy
CoMP based on joint transmissions is regarded as an important candidate technique to boost LTE-A performance. However JP could be sensitive to practical impairments as frequency synchronization errors. 

We discuss the impact of the oscillator frequency drift on the performance of CoMP with joint eNB processing. 

Assume two single antenna eNBs communicating with a single UE. Assume eNB 1 transmits the passband signal x1(t) over carrier frequency f1 and eNB 2 transmits the bandpass signal x2(t) over carrier frequency f2. Assume narrowband and static channels such that the channel from eNB 1 to UE is modelled as 1 and channel from eNB 2 to UE is modelled as a complex scalar a. UE receives signals from eNB 2 with a delay τ compared to eNB 1. We assume that the 2 eNBs are synchronized such that they transmit the same baseband signal at the same time (perfect time synchronisation). 

We can write the passband received signal as 
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Passbands signals x1(t) and x2(t) write as
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where xb(t) is the baseband transmitted signal from eNB 1 and 2 and 
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 is the frequency offset between eNB 1 and eNB 2 carrier frequencies. Assuming we lock the receiver on frequency f1, we can write
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The baseband received signal writes therefore as
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where 
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The frequency offset between eNB 1 and 2 induces a time varying channel.
The requirements for eNB frequency offsets in LTE [5] are expressed as follows

“The modulated carrier frequency of the BS shall be accurate to within the accuracy range given in Table 6.0 observed over a period of one timeslot.

Table 6.0: Frequency error minimum requirement

	BS class
	Accuracy

	Wide Area BS
	±0.05 ppm

	Medium Range BS
	±0.1 ppm

	Local Area BS
	±0.1 ppm

	Home BS
	±0.25 ppm


“
An offset of 
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for a carrier frequency of 2GHz. That would imply a maximum frequency offset 
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 between 2 eNBs of 200 Hz.
Assuming no delay 
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, the following can be implied:
· Over a LTE subframe of 14 OFDM symbols expanding over 1ms, the channel phase changes by 
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, the channel phase change over one subframe is 
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· Assuming a 5ms delay and 
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 (which is quite optimistic given the transmission over the backhaul), the channel phase has changed by π between the measurement time and the transmission time !
In the following figures, we briefly quantify the impact on the capacity achievable by a JT scheme consisting of 2 eNBs equipped each with 2 antennas and a single 2 Rx UE. Single stream transmission is performed using LTE 4Tx codebook. The mobile feeds back the rank 1 PMI that maximizes the achievable capacity of the equivalent 4x2 MIMO channel. We assume that the UE is in a location such that its SNR from eNB1 equals the SNR from eNB2 (i.e. very favorable situation for CoMP). Moreover we assume 
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. All channels are modelled as static i.i.d. Rayleigh. The feedback delay is assumed to be 5ms (Figure 1) and 20 ms (Figure 3). 

In figure 3 and 4, we see that offsets of the order of tens of Hz becomes quickly problematic (even for 5ms delay only) and the performance of JP drops below the one achievable with OL transmissions for offsets of 80 and 100 Hz. This suggests that such frequency offsets may impact our decision on the required accuracy and overhead of practical feedback mechanisms.

In figure 5, a 20ms delay and smaller frequency offsets are considered. For frequency offsets of a few Hz (<4Hz), the loss compared to perfect synchronisation is limited to a few % (~3% a low SNR). Beyond a few Hz, the loss becomes quickly very significant.

In order to operate JT properly, this suggests that eNB frequency offsets should be decreased by 2 orders of magnitude compared to current requirements (i.e. 
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) and are achievable with current state of the art technologies.
[image: image21.wmf]
Figure 3: Impact of frequency offset on the capacity of JT CoMP with LTE 4-bit codebook and OL with a fixed precoding vector (“OL, offset=0Hz”). Static channels and 5ms delay are assumed.
[image: image22.wmf]
Figure 4: Relative gain of JT CoMP with LTE 4-bit codebook and various frequency offsets over OL with a fixed precoding vector. Static channels and 5ms delay are assumed.
[image: image23.wmf]
Figure 5: Relative gain of JT CoMP with LTE 4-bit codebook and various frequency offsets over JT CoMP with LTE 4-bit codebook and no frequency offset (0Hz offset). Static channels and 20ms delay are assumed.
Conclusions
In this contribution, we discuss some update of the CoMP evaluation methodology:
· Intra (RRH) and inter-cell (intra-site and inter-site homogeneous and heterogeneous networks) scenarios should be investigated.
· The antenna deployment scenarios should be updated to be inline with the deployment assumed for Rel. 10 feedback design

· Priority to dual-polarized antennas

· Evaluation of CoMP in the presence of time and frequency synchronization errors can be avoided if CoMP is implemented using current state of the art technologies.
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