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1. Introduction

The need for 8-port reference signal (RS) support in LTE-Advanced has been largely discussed in past meeting contributions and resulted in a way forward [1] in the previous meeting. The main use case is closed-loop transmission with an 8-transmit antenna codebook. To date, key design constraints have been enumerated and most of parties seem to agree on the fact that potential impact to LTE Rel’8 should be as limited as possible. In this contribution we explore potential solutions for CQI/PMI/RI measurement RS, known as CSI-RS, for support of eight antenna ports, highlighting both positive and negative aspects as well as trade-offs needed in order to narrow down the circle of candidate schemes. In addition, we briefly discuss some additional aspects that need to be taken into account when designing the CSI-RS for CoMP support.
2. Discussion on CSI-RS for 8TX support
Backwards compatibility, low impact on Rel’8 performance in terms of channel estimation or scheduling losses, low overhead and complexity, system deployment flexibility have been design criteria already mentioned in previous contributions and acknowledged by the community. During RAN1#56 a way forward on RS for DL MIMO and CoMP was agreed [1]. The RS needed for CSI generation are envisioned to be both time and frequency sparse. CSI-RS supports channel estimation from the eight antenna ports for CQI/PMI/RI. We analyze various aspects of duty-cycle CSI-RS in the following.
Re-use of Release 8 antenna ports for CSI-RS

One issue that needs to be clarified regarding CSI-RS is whether the Release 8 common RS can be re-used as CSI-RS. One problem that has been pointed out here is that the Release 8 channels, e.g. PDCCH would preferably be transmitted from all 8 Tx antennas to utilize the PAs efficiently, hence requiring a physical-to-virtual antenna mapping from 8 Tx antennas to 4 Tx antennas. On the other hand, the LTE-Advanced UE supporting 8 Tx transmission should obviously be able to measure 8 CSI-RS ports. In [2]
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[3] it was discussed that the antenna virtualization for Rel’8 ports can be done through a unitary mapping matrix U (of size [8x8]) so that the first four columns of the matrix define the virtualization for Rel’8 ports, and the last four columns define the virtualization for the additional four ports. This way, it seems that 8 Tx antennas could be operated with virtualization where the antenna virtualization is done through a unitary precoding –type of mapping, thus avoiding any problems with PAs. It is also noted that the unitary condition discussed in [2] can be kept even if for example CDD is used for virtualization to avoid fixed beam problems. It seems that this does not necessarily need to be standardized.

On the other hand, it has been mentioned that in some cases full Release 8 common RS overhead could be seen as a burden once the number of Release 8 terminals starts decreasing relative to terminals supporting some future releases and hence LTE-Advanced. Therefore we acknowledge that it could be also beneficial to decouple the CSI-RS from Release 8 common RS to allow gradual reduction of Release 8 common RS overhead in the long run.

Our assumption throughout this contribution is that the Release 8 common RS would be reused for CSI-RS.

Duty-cycle vs. frequency hopping CSI-RS
A key issue is whether to choose duty-cycle or frequency hopping CSI-RS for LTE-Advanced. 
Frequency hopping CSI-RS proposed by few companies map 8-port CSI-RS within LTE-Advanced specific PRBs with a sub-frame dependent hopping pattern. Implications on LTE Rel’8 CQI/PMI/RI measurements are to be expected beyond the pure scheduling limitations, if one attempts to use Rel’8 RS positions. Sparse allocation in frequency of such PRBs would mean unequal density of reference signals in frequency for LTE-Advanced and hence potentially heterogeneous measurement accuracy over the whole frequency band. Moreover, this would complicate unnecessarily LTE-Advanced UE implementation and increase battery consumption with channel estimation and related CQI/PMI/RI selection spanning several TTIs, if for example a hopping pattern for CSI-RS is utilized.
Duty-cycle CSI-RS are transmitted simultaneously over the full system bandwidth with periodicity larger than one subframe. The major advantage of this approach is that full 8-port channel state information is obtained from a single subframe. Which periodicity provides the best trade-off in terms of overall performance vs. CSI-RS overhead mainly depends on the target environment which RAN1 should agree on [4]. As shown in a previous contribution [6], low mobility is a clear enabler of duty-cycle CSI-RS with no major performance impact. 
Placement of CSI-RS - Impact of 8-port CSI-RS on LTE Rel’8
The way forward [1] implies that LTE Rel’8 integrity in terms of RS should be preserved when it comes to additional RS in LTE-Advanced. The safest way to fulfill the requirement is to leave the four-port Rel’8 CRS untouched in every downlink sub-frame. As previously mentioned, LTE-Advanced eight antenna port CSI-RS can be transmitted in time with a specific periodicity. However, scheduling Rel’8 UEs to resources containing LTE-Advanced CSI-RS may have an impact to LTE Rel’8 performance, which should be kept at minimum. A few companies mentioned MBSFN masking as one way to address the issue and avoid impact of CSI-RS on LTE Rel’8. The drawback is that it limits the placement of LTE Rel’8 CRS to the downlink control region only. There are better alternatives to MBSFN masking with no standardization impact such as simple scheduling restrictions of Rel’8 UEs or more generally by leaving this up to the eNodeB scheduler implementation. 
It has been proposed to reuse some CCE locations within the PDCCH region for additional 8-port CRS placement [7]. While such scheme addresses the LTE Rel’8 compatibility issue, there are several notable drawbacks: There is not much control over RS symbol locations and there will be unequal RS density in frequency, which will in turn increase channel estimation complexity and lead as well to heterogeneous reporting accuracy over the whole frequency band. Also, control channel capacity takes a significant hit which means that PCFICH will have to be set to a higher value, or it could even lead to scheduling restrictions due to lack of capacity on PDCCH. Furthermore, there will be less power boosting margin for PDCCH CCEs – RS boosting becomes even more challenging. PDCCH blocking probability will also clearly increase. RS are very concentrated in time which will limit the approach to very low mobility. Thus these numerous arguments do not play in favor of following such approach for LTE-Advanced. Several contributions/companies share a similar view [6]
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[9]
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[10] .
3. Preliminary investigations on CSI-RS for 8TX support
We have performed preliminary link level investigations on the frequency and time sparseness of the CSI-RS considering an 8 Tx / 2 Rx antenna configuration. Simulation assumptions are summarized in Table 2 in the Appendix. Several reference signal patterns have been considered. The reference signal pattern in [8] has been used for 8-port low duty-cycle CSI-RS, Figure 1. Same pattern, but sparse in frequency, is another scenario denoted as PRB sparse (every third PRB) in the simulation results. Similar patterns with less resource elements per new 4 ports have been considered, that is 8 extra REs (Figure 2) and 4 extra REs (Figure 3). All three patterns presented in Figures 1-3 have been used covering the full system bandwidth. It is noted that we have only considered FDM/TDM –based patterns here as for single-cell case this is typically found to have a better performance than CDM due to potential losses of code orthogonality in time/frequency –varying channels. However, CDM is not ruled out either. In the simulations, legacy 4-port Rel’8 CRS are transmitted every sub-frame, while a duty cycle of 5ms is considered for the CSI-RS. We assume closed-loop precoding with an 8 Tx IID codebook (64 entries per transmission rank). CQI/PMI/RI selection is performed at the UE (however no rank adaptation in case rank 2 is used) assuming 2D realistic channel estimation over the CSI-RS, while data demodulation uses ideal channel state information. A minimum delay of 5 ms before eNodeB uses reported CQI/PMI/RI values, accounts for UE and eNodeB processing times as well as reporting itself in uplink. The CSI-RS periodicity in time was 5 ms. Results for various duty cycles can be found in an earlier contribution [6].
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Figure 1: An example of CSI-RS pattern for 8 TX support with 16 Resource Elements per PRB for four additional antenna ports.
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Figure 2: An example of CSI-RS pattern for 8TX support with 8 Resource Elements per PRB for four additional antenna ports.
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Figure 3: An example of CSI-RS pattern for 8TX support with 4 Resource Elements per PRB for four additional antenna ports.
The RS overhead for the tested patterns is summarized next:
Table 1 RS overhead, assuming four LTE Rel’8 ports & LTE-Advanced CSI-RS with 5 ms duty cycle
	Tested pattern
	16 REs for new 4 ports, full BW
	16 REs for new 4 ports, every third PRB in frequency
	8 REs for new 4 ports, full BW
	4 REs for new 4 ports, full BW

	Rel’8 CRS overhead
	14.29%

	LTE-Advanced CSI-RS overhead
	1.90%
	0.63%
	0.95%
	0.47%

	Total RS overhead
	16.19%
	14.92%
	15.24%
	14.76%


In order to have a fair comparison for the CSI-RS impact on PMI/CQI computation, the CSI-RS overhead has not been counted in the spectral efficiency simulations, hence all considered candidate patterns lead to the same spectral efficiency, which of course is not the case in practice. Ideal PMI selection algorithm is used as a reference. Figure 4 depicts the spectral efficiency as function of the SNR for rank-1 transmission assuming 3 km/h UE velocity, while Figure 5 shows the performance of a rank-2 transmission. We note that investigated patterns provide similar performance, however too few resource elements per port lead to about 1 dB loss. Envisioned scenarios for 8-Tx antennas might help limiting such loss. 
These results and the ones from [6] demonstrate the feasibility of periodic CSI-RS transmission with a duty-cycle in low speed scenarios. Overall, a low duty-cycle CSI-RS allows for significant savings in terms of RS overhead and consequently spectral efficiency gains as seen from the simulation curves. The exact value of the duty-cycle should be made configurable, e.g. by RRC signaling or as part of system information. Regarding the frequency sparse RS, allocating the PRB in a frequency sparse manner might lead to potentially heterogeneous measurement accuracy over the whole frequency band. 
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Figure 4 One stream transmission; 3 km/h velocity.
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Figure 5 Two stream transmission; 3 km/h velocity
4. Discussion on CSI-RS for CoMP support
When considering CSI-RS for CoMP, in our view a similar low duty cycle CSI-RS structure should be utilized, meaning that CSI-RS for CoMP support should also be located in specific subframes, the periodicity of which is signalled via RRC. Furthermore, to limit the restrictions on Release 8 UE scheduling, preferably the 8 TX and CoMP CSI-RS subframes would coincide in case the cell happens to support both features.
Regarding the actual CSI-RS patterns, as many similarities as possible should be exploited with 8 TX CSI-RS pattern – from UE complexity perspective it would be ideal to be able to re-use the same CSI-RS antenna ports. At the same time CoMP and 8 TX transmission have different application targets and perhaps different scenarios and therefore also slightly varying requirements. For 8 TX antennas peak data rate is the main issue, while for CoMP it is interference cancellation. Powerful CoMP techniques like coherent precoding rely on accurate frequency-selective CSI information. In cellular radio systems this leads to a further challenge as multi-cell interference will limit achievable estimation accuracy. Due to different LOS/NLOS conditions nearby as well more far off cells might contribute to the interference, so even with less probability.

Whereas the 8 TX patterns shown above were using FDM-based multiplexing of the additional antenna ports, as mentioned, also CDM could be considered. Especially in case of CoMP CDM could have some benefits as with suitable CDM codes it is possible to adapt orthogonality of the cells depending on cell distances by optimized allocation of codes to cells, therefore improving the CSI accuracy. As an example, the Hadamard codes could be useful in this respect. It should be mentioned that in case of user-centric definition of the CoMP Active Transmission Set also more far off cells might have to be estimated so sufficiently long CDM sequences are required for good CSI estimation accuracy. Hence our proposal is that CDM between cells should also be studied for CoMP CSI-RS.
Regarding the actual RS patterns, several issues need to be discussed related to CSI-RS requirements for CoMP support before going to the detailed discussion of the patterns and overhead:

· The number of cells that the UE should be able to estimate. There is likely a trade-off between CoMP performance and number of cells for which the UE reports channel state information. On the other hand, most of the CoMP gains are likely obtained with a fairly small number of cells, hence keeping the UE measurement and reporting complexity low. 

· The number of antenna ports per cell that need to be supported with CSI-RS for CoMP: Considering that the main purpose of CoMP is to mitigate inter-cell interference, it might be enough to support even only 1-2 antenna ports per cell with CSI-RS. On the other hand, this would mean that in cells with e.g. 4-8 TX antennas some physical-to-virtual antenna mapping schemes are needed for CoMP CSI-RS. Such mapping may in the worst case mean that some degrees of freedom at transmitter side are lost, hence the optimal tradeoff between antenna virtualization and RS overhead needs to be found. Also UE estimation complexity should be taken into account here. In addition, some (perhaps not very likely) scenarios where the CoMP cells do not have the same antenna configurations may need to be considered.
· The number of needed RS REs per antenna port per PRB for sufficient CSI estimation accuracy: As mentioned, the CSI-RS requirements for CoMP might be more stringent than for single-cell support, on the other hand this may likely also depend on the chosen feedback techniques. As usual there is the trade-off between achievable estimation performance and required feedback overhead.
One thing to be considered related to the above aspects is also UE measurement capability, meaning the total number of transmit antenna ports that the UE should be able to measure and report per measurement period (i.e. a notion of the UE “measurement budget” may be needed).
5. Conclusions

In this contribution, we discussed various aspects of LTE-Advanced downlink reference signals for CQI/PMI/RI measurements and provided preliminary simulation results with respect to the time-periodicity [6] and frequency-sparseness of CSI-RS. Based on the simulation results and analysis in this contribution our recommendation is that RAN1 agrees that CSI-RS are confined in specific periodically transmitted subframes where the period can be configured via RRC signalling. Impact on Release 8 UEs can be handled via scheduling restrictions, i.e. in our view any MBSFN subframe -based masking is not required for this.

Our simulation results also give some first indications about the required overhead per CSI-RS antenna port. Regarding multiplexing of CSI-RS within the CSI-RS subframes, all (FDM/TDM/CDM) options should still be studied, targeting minimal additions to UE estimation complexity while taking into account that the CSI-RS should support both 8 TX and CoMP. We noted that CDM might have some benefits for CoMP. In order to progress the CSI-RS work for CoMP, we propose that RAN1 discusses the number of supported CoMP CSI-RS antenna ports per cell and from the UE perspective.
References

[1] R1-091066, Way forward on downlink reference signals for LTE-A
[2] R1-090592, Downlink Reference Signal Multiplexing for 8 Tx transmission, Texas Instruments

[3] R1-090619, DL RS Designs for Higher Order MIMO, Samsung
[4] TR 36.913 v8.0.0 (2008-06), Requirements for further advancements for E-UTRA (LTE-Advanced).
[5] R1-090240, Considerations on DL MIMO for LTE-Advanced, Nokia, Nokia Siemens Networks
[6] R1-090728-Further considerations on DL reference symbols for LTE-Advanced, Nokia, Nokia Siemens Networks.
[7] R1-090288, Common Reference Symbol Mapping/Signalling for 8 Transmit Antenna, Texas Instruments
[8] R1-084408, Common Reference Symbol Mapping/Signalling for 8 Transmit Antennas, Motorola
[9] R1-090023, Backward compatible design of downlink reference signals in LTE-Advanced, Sharp
R1-090085, DL RS design for higher order MIMO, ZTE
Appendix – Simulation assumptions

Table 2 Simulation assumptions

	Parameter description
	Value / Comment

	Transmission bandwidth
	10 MHz

	Channel model & UE velocity
	3GPP TU - 3 km/h, spatially uncorrelated

	Antenna configuration
	8 Tx / 2 Rx antennas

	Detector
	MMSE receiver

	PDCCH / PDSCH configuration
	3 / 11 OFDM symbols per sub-frame

	Channel coding (PDSCH)
	Rel’8 turbo coding, CBRM

	Modulation, code rates
	PDSCH link adaptation over Rel’8 MCS

	HARQ
	Not used

	Number of allocated PRBs
	6

	Precoding
	IID codebook with 64 entries per transmission rank

	Precoding granularity
	3 PRB

	Transmission rank
	Rank-1 or Rank-2 (no rank adaptation)

	Number of codewords
	Rank-1: 1 codeword; Rank-2: 2 codewords

	Common reference signal configuration
	Rel’8 CRS in every sub-frame

	CSI-RS reference signal configuration
	Various patterns (see contribution text)

	CSI-RS duty cycle configuration
	5 ms interval

	CQI/PMI/RI delay
	Minimum delay of 5 sub-frames between time of computation at UE and use for precoding at eNodeB

	Channel estimation for CQI/PMI/RI computation
	2D realistic channel estimation on CSI-RS

	Channel estimation for demodulation
	Ideal channel estimation used for demodulation











