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1. Introduction

In RAN4#64bis meeting, there had some discussions on the DL CoMP impact to BS RF requirements, especially on TAE and frequency error [1][2]. And in last meeting there was still no conclusion on the DL CoMP impact to TAE and frequency error, while in [1], it was proposed to consider typical values for CoMP UE performance requirements. 

In this contribution, firstly we analysis the typical network deployment for CoMP operation and the relevant largest timing and frequency offset in the most challenging CoMP scenario and deployment, and then discuss the impact of the DL CoMP on BS RF requirements. Also we discuss the UE capability to handle timing/frequency offset, also propose typical values for CoMP UE performance test.
2. Analysis
RAN1 have decided 4 scenarios for intra-site CoMP as illustrated in [3]: 
· Scenario 1: Homogeneous network, e.g. CoMP operation between different sectors of Macro eNB.
· Scenario 2: Homogeneous network, e.g. CoMP operation between Macro eNB and its high tx power RRHs.
· Scenario 3: Heterogeneous network, e.g. CoMP operation between Macro eNB and its low tx power RRHs, where the RRHs have different cell IDs as the macro cell.
· Scenairo 4: Heterogeneous network, e.g. CoMP operation between Macro eNB and its low tx power RRHs, where the RRHs share the same cell ID with the macro cell.
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Figure 1: CoMP scenario demonstration (scenario 2)

In all the scenarios, the scenario 2 seems to be the most challenging since high Tx power RRH could be used for supplement coverage far from the Macro, thus it is possible to introduce the biggest timing offset and frequency offset between TPs for CoMP operation, considering both the fiber connection and the propagation delay. The figure 1 shows the Scenario 2 which assuming CoMP operation between Macro cell and Macro’s RRHs. 
· From the figure, it seems the Macro and RRH CoMP case is with the potential largest difference on fiber connection and propagation distance which may generate largest timing/frequency offset. 
· It is also possible that CoMP operation between two RRHs with overlap coverage as shown in figure 1, while the difference between the two RRHs fiber connection lengths and propagation distance could be less than the first case 

Then as identified, the scenario 2 is the most challenging case, esp. considering one TP from a distributed RRH is connected to BBU with a fiber cable and another TP from Macro sector RRU is locally connected to BBU.
And in case of distributed RRHs, the RRH could be directly connected to eNB BBU by fiber cable up to 40km. On deployment, the usual case is distributed RRH with fiber cable up to 10km. Specifically for CoMP, in [3], it is considered ISD=200m for CoMP seneraio 1 and 2, and Macro-RRH distance minimum distance as 75m for scenario 3 and 4 in system simulation assumption. And in RAN1 discussion, ISD =500m and 1.5km is also widely used. Thus it seems enough to consider a fiber connection up to 10km and propagation distance of up to 1.5km for the most challenging case in CoMP. 
Then we further analysis the timing offset and frequency offset at different TPs and seen by UE receiver upon the identified typical scenario. 
2.1 Timing offset and frequency offset between different TPs
In deployment, the data stream transmission on fiber cable with the speed of 2*108 m/s (considering the refractive index as 1.5) will introduce large delay. While the timing after fiber cable transmission can be compensated by preloading data stream from the BBU for specific RRH according according to the fixed delay value. The compensation (~50us for 10km) will not impact CoMP which is operating per-subframe basis. The compensation is already utilized in TDD network, to avoid UL/DL interference from network un-synchronization, the timing of the distributed RRH after compensation could be aligned within 3us for cell which radius is less than 3km, thus the largest timing offset between any TPs could be considered as 3 us. 
Table 7.4.2-1 in [4] Cell phase synchronization requirement for wide area BS (TDD)

	Cell Type
	Cell Radius
	Requirement 

	Small cell
	( 3 km
	( 3 (s

	Large cell
	> 3 km
	( 10 (s


If CoMP is enabled, it is also expected that FDD network can provide the compensation on fixed timing delay due to fiber cable transmission to distributed RRH.    
Proposal 1: the largest timing offset between TPs for CoMP in typical network deployment can be assumed as 3us.
To be noted, that the network is possible to provide better implementation where TPs resident timing offset is less than 3us, while to consider UE performance requirements, the worse case need to be considered.   

For frequency offset, the frequency shift introduced in direct fiber cable is negligible. Thus the largest frequency offset between TPs can consider the minimum performance requirements of frequency error [5]. Here we are talking for the frequency error on the TP for UE demodulation before any correction or compensation, and UE could experience short term variant frequency errors for each ms, thus not discussing the long term stability of frequency and phase, e.g. over 10 ms period of time.     

Table 6.5.1-1 in [5]:  Frequency error minimum requirement

	BS class
	Accuracy

	Wide Area BS
	±0.05 ppm

	Local Area BS
	±0.1 ppm

	Home BS
	±0.25 ppm


The above table shows the basic frequency accuracy requirement on the base stations that can be considered as the worst case of network deployment. Therefore, for wide area BS (scenario with different sectors of Macro eNB; or Macro eNB and its RRHs), the largest frequency offset between TPs for CoMP can be assumed as 0.1ppm (200Hz @2GHz band). 
Proposal 2: the largest frequency offset between TPs for CoMP in typical network deployment can be assumed as 200Hz for Wide Area BS.
The CoMP should operate basing on the current identified scenarios and typical network deployments. Thus it is reasonable to consider the network typical deployment values instead of enforcing new BS RF requirements. 
Proposal 3: Not to add new BS core requirements. And consider the largest timing and frequency offset according to typical network deployment.
2.2 Timing offset and frequency offset seen by UE receiver
The timing offset and frequency offset seen by UE receiver need to take into account the transmission in air interface. It is assumed:
· Timing offset seen by the UE from different TPs = Timing offset between different TPs + Propagation delay offset.
· Frequency offset seen by the UE from different TPs = Frequency offset between different TPs + Doppler shift offset.

In the extreme case as affront mentioned where the distributed RRH and Macro BS with 1.5km distance difference in worse case, the propagation delay offset could be up to 5us. 
The Doppler shift is following the below formula:

Fd=(V/λ)*COSθ   --Formula 1)
Since CoMP operation is not assumed in high mobility, we can assume V=3km/h (as simulation assumption in[3] ), λ =0.15m (@2GHz), the difference between COSθ is maximum as 1 as shown in figure 2-b and minimum as 0 as shown in figure 2-a. Thus the maximum Doppler shift offset could be up to 5.56Hz for CoMP in V=3km/h. 
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Figure 2: Demonstration for Dopper shift offset for CoMP

In summary, the timing offset seen by the UE from different TPs could be assumed as Timing offset between different TPs of (0~3)us + Propagation delay offset of (0~5)us. And the Frequency offset seen by the UE from different TPs could be assumed as Frequency offset between different TPs (0~200)Hz for WA BS + Doppler shift offset (0~5.56)Hz. 
Observation 1: for timing offset, the propagation delay offset could be the dominated contributor; while for frequency offset, the Doppler shift offset doesn’t introduce much difference upon the frequency offset from different TPs. 
2.3 UE performance to handle the timing/frequency offset
The UE’s capability of handling the timing/frequency offset on its receiver could rely on two aspects: 
1) Timing and frequency tracking which can compensate the timing and frequency offset before the demodulation;

2) Demodulation capability which also provides some margin for timing/frequency offset.
In previous RAN1 discussion on NCT and the quasi co-location, there are some simulations on the timing/frequency tracing and demodulation performance. 
For the timing offset, the propagation may involve the dominated component of the timing offset between TPs, thus UE timing tracking capability is more important to compensate the timing offset. CRS or CSI-RS based tracking and even DMRS based timing tracking have discussed in RAN1. The DMRS based timing tracking is not robust and depends on scheduling. The main discussion is focused on CSI-RS tracking v.s. CRS tracking. It is observed that up to 5.55 us timing offset can be detected by CSI-RS based timing tracing in channels with small delay spread (e.g. LOS channel), with a pilot density of 1 RE/PRB in the frequency-domain [6], while with the channel delay spread increases (e.g., from LOS ITU-UMa to non-LOS ITU UMa to non-LOS SCME UMa), the time tracking performance degrades. Consider the propagation, the timing offset seen from UE is most possible larger than 5.55us, and in deployment we cannot exclude the channel with large delay spread, thus CSI-RS based tracking may not be feasible enough. Given the fact that LTE Rel-8-10 systems are known to work well enough using CRS based tracking for neighbour cell, it is natural to assume CRS for tracking. Furthermore, since CRS tracking is combined with the PSS/SSS synchronization, it is able to conquer large enough timing offset. 
For frequency offset, it is calculated previously that the largest offset could be 205.56Hz. While to be noticed that even the demodulation procedure can already handle 200Hz frequency offset, not counting into the frequency tracking capability.   
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Figure3: 16QAM demodulation performance with a certain frequency offset at 3km/h
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Figure4: 16QAM demodulation performance with a certain frequency offset at 100km/h

From the previous results in figure 3 and 4, the demodulation for 16QAM can tolerant 200Hz offset at 3kmph, larger frequency offset or higher mobility may observe degradation. And in case of larger frequency offset, CRS based frequency tracking can also ensure reliable performance. 
Observation 2 on UE capability to handle the timing/frequency offset could be summarized as:
· The total frequency offset [(0~200)Hz for WA BS+ (0~5.56)Hz] could be handled in the UE’s demodulation, and the performance is even ensured with CRS based frequency tracking. 

· The large timing offset [(0~3)us + (0~5)us] specifically due to propagation delay different is better to be handled by CRS timing tracking. And the tracking RS depends on the RAN1 meeting decision.  

3. Summary

In this contribution we analysis the CoMP scenarios, and analysis the largest timing/frequency offset at TPs for CoMP in typical network deployment, and then investigate the largest propagation delay offset and Doppler shift offset involved by air transmission. We also analysis the UE’s capability on handling the timing/frequency offset. We propose: 
Proposal 1: The largest timing offset between TPs for CoMP in typical network deployment can be assumed as 3us.
Proposal 2: The largest frequency offset between TPs for CoMP in typical network deployment can be assumed as 200Hz for Wide Area BS.

Proposal 3: Not to add new BS core requirements. And consider the largest timing and frequency offset in UE performance test according to typical network deployment.
Observation 1: for timing offset, the propagation delay offset could be the dominated contributor; while for frequency offset, the Doppler shift offset doesn’t introduce much difference upon the frequency offset from different TPs.

Observation 2 on UE capability to handle the timing/frequency offset could be summarized as:

· The total frequency offset [(0~200)Hz for WA BS+ (0~5.56)Hz] could be handled in the UE’s demodulation, and the performance is even ensured with CRS based frequency tracking. 
· The large timing offset [(0~3)us + (0~5)us] specifically due to propagation delay different is better to be handled by CRS timing tracking. And the tracking RS depends on the RAN1 meeting decision.
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