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1. Introduction
In RAN1 #78bis, a high level view on spec change for 3D-MIMO is proposed [1]. In this contribution, we provide further details and suggestions on potential spec impact for reciprocity based operation.
2. General Discussion
Reciprocity based operation is sensible for 3D-MIMO operation, because CSI-RS overhead and feedback overhead does not scale with incresed number of Tx antenna. In other words, the feedback overhead and RS overhead does not increase even if the number of Tx antenna is greatly increased. So reciprocity based operation is natural for 3D-MIMO technique and potentially achieves better performance than legacy 8Tx system.
However, there is currently certain misconception about spec enhancement for reciprocity based operation, namely that no spec enhancement is necessary because feedback is automatically enhanced for reciprocity based operation. Such misconception is mainly due to a rough understanding of reciprocity based operation. In this contribution, we clarify that relevant spec enhancement needs to be properly addressed in 3D-MIMO SI, and several potential spec enhancement are identified as follows.
Overall we have the following proposal :

· Spec enhancment for reciprocity based operation should be properly addressed in 3D-MIMO SI.

3. CQI enhancement

This section discusses potential CQI enhancement for 3D-MIMO.

3.1. Rel 9-12 Background

With reciprocity based operation, CSI can be obtained by SRS. However, the CSI obtained by SRS is not sufficient for CQI calculation purpose because DL interference power cannot be measured by UL SRS. To notify eNB the DL interference power, the UE will report a CQI/PMI which takes DL interference power into consideration. The reported CQI/PMI can be compared with the CSI calculated from SRS. Note that the SRS based CSI does not take DL interference power into consideration. Therefore, in terms of MCS level, if the reported CQI is much lower than the eNB calculated one, the DL interference power is significant. Otherwise, the DL interference power is small [2].
To report CQI from UE to eNB, a reference DL transmission scheme needs to be assumed at UE (also assumed at eNB when eNB estimate DL interference power). From the above discussion, to improve the accuracy of DL interference power at eNB, the assumed DL transmission scheme should lead to a receive SNR as high as possible. Therefore, when the UE is configured without PMI/RI reporting, transmission diversity is adopted as the reference DL transmission scheme.

Based on the above discussion, the following two principles remains valid also for Rel-13:

Observation:
· CQI feedback is necessary to allow eNB to estimate DL interference power for reciprocity based operation.

· Assumed CQI reference transmission scheme should lead a receive SNR as high as possible.
3.2. Rel-13 Situation

TxD based CQI is implemented in real system and works well in current 8Tx system. However in Rel-13 the situation is different from Rel-12 which leads to potential necessity to improve TxD CQI in 3D-MIMO system.

Firstly TxD CQI needs to be compensated at eNB side because the transmit CQI needs to include beamforming gain but TxD CQI includes diversity gain. eNB can compensate the mismatch between transmit CQI and reported TxD CQI, because channel is known at eNB. However such compensation is not perfect because of quantization of TxD CQI and non-perfect channel knowledge at eNB. In general the larger mismatch between TxD CQI and actual transmit CQI, the more difficult to compensate TxD CQI. In 3D-MIMO system, because beamforming gain is larger, the mismatch would be larger, henceforth more difficult to do CQI compensation.
Secondly to improve the accuracy of DL interference power, the reference transmission scheme should lead to a SNR as high as possible. With much increased number of TXRU at eNB, transmit diversity may not be the reference transmission scheme that leads to highest SNR. On that sense it is preferred to find other reference transmission schemes that can yield higher SNR.
Therefore we have the following observation:
· For reciprocity based operation, non-PMI based CQI may be improved from current TxD CQI because

· More difficult to do CQI compensation, due to larger mismatch between TxD CQI and transmit CQI

· TxD CQI may be not the reference transmission scheme that leads to highest SNR with increased number of TXRU
One possible answer to the above issue is PMI based CQI. However we clarify that PMI based CQI has its own problem, namely that different codebook has to be designed for different number of Tx antennas. Such process has been proven to be cumbersome and time consuming in past several releases, and channel quantization would reduce MU-MIMO performance. The inherent nature and advantage of channel reciprocity based operation is that the feedback is agnostic to different number of Tx antennas, and it is preferred to keep such agnostic nature of non-PMI based CQI in Rel-13. Such characteristic would be even more preferred, considering that the feedback would be future proof, i.e., do not need to change for more TXRUs in later releases, such as 256 TXRUs. 
According to the above discussion, we have the following proposal:

· It is preferred that R13 CQI feedback for reciprocity based operation is agnostic to different number of transmit antennas.
In summary, in our understanding the R13 CQI feedback for reciprocity based operation should be properly studied in 3D-MIMO SI. It is preferred that the specified CQI satisfies the above proposed characteristics.
4. SRS enhancements

eNB may obtain DL CSI via UL SRS. The CSI accuracy largely depends on SRS SINR at eNB, as shown in our companion paper [3]. Therefore there are two approaches to enhance SRS, the first one is to improve signal power, and the second one is to reduce interference power.
4.1. SRS singal power improvement

UL power control applies for SRS and PUSCH transmission. If UE does not reach maximum transmit power (23 dBm), signal power does not need to be improved. If UE reaches the maximum transmit power, then some improvement of signal power would be preferred. A preliminary analysis shows that 27% of UE reaches maximum transmit power in 3D-UMi scenario, as shown in Figure 1. Hence signal power improvement may be useful for cell edge UEs, because the relevant SRS received power would be lower than other UEs.
In a typical TDD system, SRS are transmitted in the two UL SC-FDMA symbols in UpPTS, which are more robust than SRS in the last OFDM symbol of UL subframes, in terms of dropping probability. A simple way to improve SRS signal power is to transmit one SRS port on the two consecutive UL SC-FDMA symbols in UpPTS, which translates to a 3dB SRS power gain. CDM in time domain may be used to avoid SRS capacity reduction. Our understanding is that this is simple yet effective way to improve SRS signal power. Therefore we propose:
· Consider SRS across two consecutive SC-FDMA symbol in UpPTS, for SRS signal power improvement.
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Figure 3.  CDF curve of Linkloss in 3D-UMi

4.2. SRS interference reduction

SRS in UpPTS are interfered only by SRS from other cells. To reduce interference between SRS, orthogonal resource for SRS from different cells would be preferred. There are totally 8 CS, 2 comb, and 2 symbols in UpPTS. In real network, typically 4 CS is used to avoid intra-cell interference which translates to totally 16 SRS resources in every 5 ms. A general observation is that if the SRS resource are orthogonal among 3 cell, then there is not SRS interference from neighbor cells, as shown in Figure 2.  
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Figure 2. Illustration of SRS transmission strategy
A simple SRS configuration is to use different comb and symbols for inter-cell SRS, as shown in table 1. The 4 CS are used for SRS within a cell. In this way each cell can accommodate 4 UEs with 1 Tx SRS every 5ms. For 2 Tx SRS, each cell can accommodate 4 UEs every 10ms.
	
	Comb 
	symbol

	Sector 1
	1st
	1st

	Sector 2
	1st
	2nd

	Sector 3
	2nd
	1st

	reserved
	2nd
	2nd


Table 1. A simple SRS allocation strategy
Under realistic FTP model, 4 UEs could be sufficient because number of concurrent user is small as evaluated by SLS in our companion paper [3]. For lower load case, number of concurrent user could be even smaller. Anyhow if 4 UE is deemed as not enough, then some SRS capacity improvement would be necessary. The natural way to improve SRS capacity is to increase comb from 2 to 4, which doubles SRS capacity without losing CSI accuracy. Of course the SRS sequence length and number of available SRS sequence would be reduced with increase number of comb, then it is possible to apply increased comb only for wideband SRS transmission (e.g., 50/100 PRB).
In this section the observation and proposal are:
Observation:

· Using current SRS design, if there are 4 UEs transmitting 2 Tx SRS, there is not SRS interference from neighbor cell (using UpPTS  and 10 ms period), assuming SRS coordination among cells
· Number of concurrent user could be small assuming FTP model (97% probability smaller than 4 for 50% load in SLS)

Proposal:

· If number of user transmitting SRS is deemed to be larger than 4, then consider SRS capacity improvement,  such as increase SRS comb from 2 to 4

· This may apply to wider band SRS transmission only

In section 4 we discuss potential SRS enhancement. Simple spec change doubles SRS power and doubles SRS capacity, which should greatly facilitate reciprocity based operation.
4.3. Calibration OTA

Antenna calibration is currently eNB implementation and works well for current 8 Tx system. With increased number of TXRU, implementation based calibration could be more costly due to increase human labor and necessity of new calibration hardware. On that sense, it is beneficial to consider calibration over the air to reduce cost for eNB antenna calibration.
The basic idea of calibration OTA is to let the calibrating antenna array transmit some RS to a calibrated source, then the calibrated source estimates and feedback the channel information for the calibration of the calibrating antenna array. From specification perspective, both the RS transmission and channel feedback mechanisms need to be designed. For RS design, the LRS designed and specified for RIBS may be enhanced to support the OTA calibration. Regarding to channel feedback, the tradeoff between channel information accuracy and overhead should be considered.
One discussion point of calibration OTA is that both calibrating antenna array and calibrated source could be eNBs. In that case, the RS and feedback may be between two eNBs and could be eNB implementation, especially for intra-vendor eNBs. Then the relevant spec impact may need some clarification. Overall the observation is:

· Calibration OTA is useful to reduce the cost for eNB antenna calibration, considering the much increased number of TXRU in 3D-MIMO
· RS and feedback design for calibration OTA can be studied, and relevant spec impact also needs further study.

5. Conclusion
In this contribution, spec enhancement for reciprocity based operation is discussed. As an overall consideration, we make the following proposal:
· Spec enhancment for reciprocity based operation should be properly addressed in 3D-MIMO SI.

We also identify several areas for spec enhancement, the first is CQI enhancement for reciprocity based operation. The basic principle used in designing legacy TxD CQI can be kept in R13:

· CQI feedback is necessary to allow eNB to estimate DL interference power for reciprocity based operation.

· Assumed CQI reference transmission scheme should lead a receive SNR as high as possible.

However, some enhancement from TxD CQI could be beneficial because:
· It is more difficult to do CQI compensation in 3D-MIMO, due to larger mismatch between TxD CQI and transmit CQI

· TxD CQI may be not the reference transmission scheme that leads to highest SNR, with increased number of TXRU

The solution to the above two issues may be considered as enhancement to TxD CQI. However, it is also preferred that the advantage of TxD CQI is also kept in R13, which is

· It is preferred that R13 CQI feedback for reciprocity based operation is agnostic to different number of transmit antennas.
Second potential spec impact is SRS enhancement. SRS is another important aspect to obtain CSI. The SRS accuracy is mainly determined by SINR. In this paper we propose two possible ways to improve signal power and reduce interference power, respectively:

· For SRS signal power improvement, consider SRS across two consecutive SC-FDMA symbol in UpPTS;

· If number of user transmitting SRS is deemed to be larger than 4, then consider SRS capacity improvement,  such as increase SRS comb from 2 to 4

· This may apply to wider band SRS transmission only
The third area for spec enhancement is calibration OTA, where the main motivation is to reduce cost and labors for eNB antenna calibration. For this aspect, our proposal is :
· RS and feedback design for calibration OTA can be studied, and relevant spec impact needs to be clarified as well.
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