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1. Introduction
In [1], an LS was sent to RAN4 on geographically separated antennas in RRH deployments. In [2], a reply LS was received from RAN4 to request more information on the deployment scenarios. Potential impact on legacy UEs was also pointed out. In this contribution, we give comments on these questions.
2. Discussion
We discuss potential scenarios for geographically separated antenna ports in the same antenna port group and between different antenna port types (CRS, CSI-RS, DM-RS). For each pair of antenna types, we discuss the use scenarios, the impact of timing offset and power imbalance and the potential UE requirements. 
2.1. CRS to CRS antenna port mismatch

2.1.1. Use scenarios

Distributed antenna arrays
2.1.2. Rx timing offset

Timing alignment between the transmission branches is critical for MIMO and Tx diversity operation. It impacts time tracking loop, channel estimation, noise estimation, demodulation and CSI feedback implementation for Rel-8/9/10/11+ UEs. 

In order to protect the integrity of legacy UE operation, the recommend maximum offset is 65 ns as specified for base station transmission branch timing alignment error [5]. We do not recommend additional UE requirements with mismatched CRS antenna ports timing. 
2.1.3. Power imbalance

Power imbalance between antenna ports is similar to channel fading. The impact of such imbalance on CSI feedback has been discussed before. 

However CRS transmit power accuracy is critical for not only DL demod/CSI performance, but also essential mobility and PHY procedures such as RLM/RRM and UL power control. For the case of measurements for mobility, since a Rel-8/9/10 UE is only required to performance measurements for CRS port 0, mobility procedure failure could occur when a UE is under the coverage of antenna ports other than port 0 while port 0 has significantly lower Rx power at the UE. 

In order to protect the integrity of network, we recommend the imbalance between the transmission branch to be limited to +/- 2.1 dB according to the BS specification and the UE may expect the same in term of received signal power.  No additional UE requirements should be introduced for CRS antenna ports power imbalance in Rel-8/9/10/11.

2.2. CSI-RS and CRS antenna port mismatch

2.2.1. Use scenarios

CoMP scenario 4: Mobility procedure (measurements, paging, SI) based on CRS from macro or SFN of macro and RRH; CSI feedback based on CSI-RS from the RRH.
2.2.2. Rx timing offset

In general, it could be assumed that CRS and CSI-RS are processed separately. However, since both signals pass through the same FFT engine, it naturally requires the timing offset between the signals to be well within CP. 

It would be possible to relax the time offset requirements; however, it is not expected that the UE would have special new algorithms with two spearate time tracking loops implemented. Therefore in the RAN4 demodulation requirments, only zero timing offsets might be assumed. 
2.2.3. Power imbalance

It is well understood that eNB should have the flexibility of having different power offset between CRS and CSI-RS antenna ports.The power imbalance has some practical limitations due to finite flexibility with AGC settings.
RAN4 could further study the UE performance impact due to CSI-RS and CRS power imbalance and the feasible maximum power offset values.

It would also be a reasonable assumtion that RAN4 only specifies requirements for cases when the received CSI-RS power (per RE and after discounting the up to 6dB PSD boost) is less than the CRS power and not the other way around. In other words, the use case of backward compatible (not including NCT) eNBs or RRHs with *no* CRS transmission should not be supported in Rel-10 or Rel-11.  
2.3. CSI-RS to CSI-RS antenna port mismatch

2.3.1. Use scenarios

Enabling single aggregated feedback for geographically separated antennas.
2.3.2. Rx timing offset

For antenna ports within the same CSI-RS antenna group (same scrambling ID and subframe occurrence), the allowed time alignment error is recommended to be 65 ns (see CRS - CRS discussion).  

We do not recommend additional UE requirements with CSI-RS antenna port timing offsets.
2.3.3. Power imbalance

For antenna ports within the same CSI-RS antenna group (same scrambling ID and subframe occurrence), power imbalance will naturally lead to rank-deficient channel. Under such conditions, a UE is expected to report reduced rank. The power imbalance has some practical limitations due to finite flexibility with AGC settings.  
RAN4 might only consider the possibility of introducing CoMP UE requirements with CSI-RS power imbalance in Rel-11. 

2.4. DM-RS and CRS antenna port mismatch

2.4.1. Use scenarios

CoMP scenario 4: Mobility procedure (measurements, paging, SI) based on CRS from macro or SFN of macro and RRH; CSI feedback based on CSI-RS from the RRH.

2.4.2. Rx timing offset

In general, it could be assumed that CRS and DM-RS are processed separately. However, since both signals pass through the same FFT engine, it naturally requires the timing offset between the signals to be well within CP. 

It would be possible to relax the time offset requirements; however, it is not expected that the UE would have special new algorithms with two spearate time tracking loops implemented. Therefore in the RAN4 demodulation requirments, only zero timing offsets might be assumed. 
2.4.3. Power imbalance

It is well understood that eNB should have the flexibility of having different power offset between CRS and DM-RS antenna ports. At the same time, large power imbalance is also known to lead to non-optimal AGC setting for weak signals.

RAN4 could further study the UE performance impact due to DM-RS and CRS power imbalance and the feasible maximum power offset values. 
It would also be a reasonable assumtion that RAN4 only specifies requirements for cases when the received DM-RS power (per RE) is not significantly more than the CRS power. In other words, the use case of backward compatible (not including NCT) eNBs or RRHs with *no* CRS transmission should not be supported in Rel-10 or Rel-11 CoMP.  
2.5. DM-RS and CSI-RS antenna port mismatch

2.5.1. Use scenarios

Joint transmission or DPS from geographically separated antennas that are mapped to DM-RS antenna ports directly.
2.5.2. Rx timing offset

In TM9 operation, a UE is expected to provide CSI-RS based CQI, PMI and RI, which leads to proper BLER over the reference resources. Timing offsets between the CSI-RS and DM-RS could lead to different channel and interference observations for CSI reporting and actual PDSCH decoding. In this case, even a good UE should not be expected to provide accurate prediction of DM-RS based decoding performance in the reference resources.

We do not recommend additional UE requirements with CSI-RS and DM-RS antenna ports timing offset.

2.5.3. Power imbalance

It is common understanding that the eNB could adjust the DM-RS and PDSCH power independent of CSI-RS power for system performance optimization. 
UE performance requirements in RAN4 is based on the assumption that a UE could provide CSI-RS based CQI, PMI and RI, which leads to proper BLER over the reference resources. Power imbalance between the CSI-RS and DM-RS could lead to different channel and interference observations. In this case, even a good UE should not be expected to provide accurate prediction of DM-RS based decoding performance in the reference resources.

It is reasonable to assume that RAN4 would develop UE requirements only for the case of zero CSI-RS to DM-RS antenna ports power imbalance.

2.6. DM-RS to DM-RS antenna port mismatch

2.6.1. Use scenarios

DM-RS could potentially be served from different transmission point compared to another DM-RS port. A certain joint transmission CoMP scheme could lead to this configuration with two different transmission points transmitting different data with spatial multiplexing. However, this scheme has not been proposed or analysed in RAN1; therfore we do not consider it a supported use case yet. 

In reciprocity-based TDD MIMO schemes, the power in dfferent spatial layer could be set differently.  
2.6.2. Rx timing offset

For DM-RS antenna ports participating in transmission for a given UE, the allowed time alignment error is recommended to be 65 ns (see CRS-CRS discussion). Note that individual phisycal antenna ports contributing to the signal of one DM-RS port may have larger time offset between them but then the same offsets should be present between the individual phisycal antenna ports contributing to the signal of other DM-RS ports (if any) intended for the same UE. Whether the same tight synchronization requirement should be applicable to co-scheduled MU-MIMO UEs requires further consideration.    
We do not recommend additional UE requirements with DM-RS antenna ports timing offset.

2.6.3. Power imbalance

Although large power imbalance will naturally lead to degraded MIMO performance, it is well understood that eNB should have the flexibility of adjusting the power level between different DM-RS antenna ports.

It is reasonable to assume that RAN4 would develop UE requirements only for the case of zero DM-RS to DM-RS antenna port power imbalance.

3. Conclusion 
In this contribution, we analyzed the deployment scenarios of geographically separated antennas and its impact on UE. The conclusions are summarized in the table below:
	
	
	CRS
	CSI-RS
	DM-RS

	CRS
	Scenarios
	Different number of CRS ports from macro and RRH for overhead optimization. 
	
	

	
	Rx Timing offset
	In order to protect the integrity of legacy UE operation, the recommend maximum offset is 65 ns as specified for base station transmission branch timing alignment error. No UE requirements
	
	

	
	Power imbalance
	In order to protect the integrity of network, we recommend the imbalance between the transmission branches to be limited to +/- 2.1 dB according to the BS specification. No UE requirements
	
	

	CSI-RS
	Scenarios
	CoMP scenario 4
	Single aggregated feedback for geographically separated antennas. 
	

	
	Rx Timing offset
	It would be possible to relax the time offset requirements; however, it is not expected that the UE would have special new algorithms with two spearate time tracking loops implemented. Therefore in the RAN4 demodulation requirments, only zero timing offsets might be assumed. 
	No UE requirements
	

	
	Power imbalance
	RAN4 could study the UE performance impact due to CSI-RS and CRS power imbalance and the feasible maximum power offset values.

It would also be a reasonable assumtion that RAN4 only specifies requirements for cases when the received CSI-RS power (per RE and after discounting the up to 6dB PSD boost) is less than the CRS power and not the other way around. In other words, the use case of backward compatible (not including NCT) eNBs or RRHs with *no* CRS transmission should not be supported in Rel-10 or Rel-11. 
	The power imbalance has some practical limitations due to finite flexibility with AGC settings.  
RAN4 might only consider CoMP UE requirements with CSI-RS power imbalance in Rel-11.
	

	DM-RS
	Scenarios
	CoMP scenario 4
	DPS or JT
	Joint transmission from geographically separated antennas, or reciprocity based MIMO. 

	
	Rx Timing offset
	RAN4 might study the UE performance impact due to limited Tx timing offset between DM-RS and CRS.  However, RAN4 may develop UE requirements only for the case of zero CRS to DM-RS antenna ports power imbalance. 
	No UE requirements
	No UE requirements

	
	Power imbalance
	RAN4 could study the UE performance impact due to DM-RS and CRS power imbalance and the feasible maximum power offset values. 

It would also be a reasonable assumtion that RAN4 only specifies requirements for cases when the received DM-RS power (per RE) is not significantly more than the CRS power. In other words, the use case of backward compatible (not including NCT) eNBs or RRHs with *no* CRS transmission should not be supported in Rel-10 or Rel-11 CoMP.  
	Imbalance is allowed in the network with certain limit. 

It is reasonable to assume that RAN4 would develop UE requirements only for the case of zero CSI-RS to DM-RS antenna ports power imbalance. No UE requirements
	It is reasonable to assume that RAN4 would develop UE requirements only for the case of zero DM-RS to DM-RS antenna port power imbalance.  


We recommend RAN1 to take this analysis into account. 
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