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1
Introduction

The following agreement was reached on CSI-RS during RAN1#61:

· CSI RS port multiplexing is based on CDM for each pair of CSI RS port

· Avoidance of port 5 of the same cell should be addressed.

· A nested structure among 2, 4, 8 CSI-RS ports simplifies the implementation

· The pattern with smaller number of CSI-RS port is a subset of the pattern with larger number of CSI-RS port

· Study a single and multiple patterns in terms of achievable reuse factor and signaling overhead.

· A time-invariant time/frequency shift is used in a cell

· Each company is encouraged to bring pattern proposals for normal and extended CPs, and for FDD and TDD
The pattern proposals were further discussed over the e-mail reflector prior to RAN1#61bis. In this contribution, we summarize our views on CSI-RS multiplexing and patterns. We discuss as well as on how the coexistence of CSI-RS and antenna port 5 (AP5) can be handled at best. 
2
Intra-cell CSI-RS multiplexing & pattern
During RAN1#61, CSI-RS port multiplexing was agreed to be based on CDM for each pair of CSI-RS ports. A key benefit is to constrain the CSI-RS boosting required for full power utilization with 8-Tx to maximum of 6 dB following RAN4’s recommendation [1]. In this section we further discuss CSI-RS multiplexing and pattern, reuse factors and the coexistence with AP5.
CSI-RS multiplexing 
The following three candidate forms of CSI-RS multiplexing are essentially under consideration: 

1. CDM-T with OCC2: 
· Similarly to DM-RS multiplexing in LTE Rel-9/10, the CDM component runs over pairs of adjacent REs in time domain on the time-frequency grid. Besides other benefits listed below, such commonality keeps the overall design cleaner, simpler to standardize and easier to implement.
· Robustness to frequency selectivity of the channel. This point is of importance in order to ensure future proof CSI-RS design towards potential inclusion of CoMP in future releases.
· Maintains PA power utilization balance as CSI-RS of all antenna ports of a given cell occur in the same pair of OFDM symbols.   

· Expected to allow for more accurate interference estimation especially in extended CP and very frequency selective channels. Issues with interference estimation over CSI-RS have already been reported in [3].
· The impact to legacy Rel-8 Tx mode 7 is kept at minimum through limited collision with AP5 of the same cell. This point is further discussed in the contribution and a performance evaluation is provided in Section 3.                                          
2. CDM-F with OCC2: 
· With CDM-F and OCC2, the CDM component runs in frequency direction over adjacent REs in frequency domain within the same OFDM symbol.
· Collision with Rel-8 AP5 is fully avoided, at least on paper. As further shown in our performance evaluation, avoiding explicit collision of CSI-RS with AP5 REs by means of CDM-F multiplexing does not necessarily translate to best legacy performance.
· Some of the patterns proposed for 8-Tx CSI-RS (see e.g. Huawei’s input to the email discussion [61-02-LTE-A] on CSI-RS pattern proposals) are failing to ensure full PA utilization because a TDM component is used between subsets of antenna ports of the same cell (i.e. CSI-RS ports 0, 1, 2, 3 and 4, 5, 6, 7 are transmitted in different OFDM symbols).
· Efficient power utilization may become problematic in conjunction with PDSCH muting, if the latter is specified. For specific reuse factors, more than one OFDM symbol may be needed for CSI-RS and PDSCH muting altogether. In case CSI-RS for multiple cells are transmitted in different OFDM symbols, one may have the case that serving cell CSI-RS is not transmitted within the same OFDM symbols where PDSCH muting occurs and hence available transmit power is under-utilized. While this is not a critical issue, it can be seen as a design constraint.

3. CSM:
· The idea with CSM is to multiplex CSI-RS ports in the cyclic-shift domain. To harvest its promised benefits CSM multiplexing for CSI-RS requires a new channel estimator (e.g. time domain DFT-based) which does not allow efficient reuse of the CRS channel estimator. 
· The availability of cyclic-shifts can be also problematic as one has to provide both intra- and inter-cell orthogonality. In extended CP, because of larger delay spreads of the channel, sequence availability might become even more problematic, requiring for example the use of two OFDM symbols in order to accommodate eight ports.
Currently, a majority of companies clearly favors CDM multiplexing for CSI-RS with OCC2. CDM-F multiplexing seems to be preferred by some companies because of coexistence issues with AP5. However, as further shown in this contribution, CDM-T can perform even better in that respect. Hybrid schemes combining e.g. CDM-T and CDM-F should be avoided because of the added implementation complexity.
Single or multiple patterns
Our preference is to have a common pattern for different configurations as much as possible. However, as different resources might be available for normal (NCP) and extended CP (ECP), minor differences or adjustments might be needed. The proposed patterns for NCP and ECP are illustrated in Figure 1 in the case of 8-Tx CSI-RS. The complete proposal including 2- and 4-Tx CSI-RS is shown in Appendix 1 and can be summarized as follows:
1. Define a single CSI-RS base unit which consists of two adjacent REs in time with the possibility to multiplex up to two CSI-RS ports by means of CDM-T with OCC2.
2. Define a single base pattern – one for normal CP, one for extended CP, which consists of a predefined arrangement of REs obtained by 
a. For NCP: frequency shifted occurrences of the defined based unit; 

b. For ECP: time & frequency shifted occurrences of the defined based unit.
c. Only two OFDM symbols ({9, 10} for NCP case) or up to four OFDM symbols ({4, 5, 10, 11} for ECP case) are considered for CSI-RS transmission. 
3. The proposed patterns obey the so-called nested property – the pattern with smaller number of CSI-RS port being a subset of the pattern with larger number of CSI-RS port – which has been acknowledged to simplify implementation.

4. The resources (i.e. REs) defining the single base pattern can be shifted in frequency domain for different cells with possibly a cell-specific subframe offset.

It should be noted that for ECP, while the DM-RS design is not fully frozen yet, we make the assumption that a maximum of two DM-RS ports is deemed sufficient for such configuration as motivated in a companion contribution [4]. This has the side benefit of freeing up additional RE locations for CSI-RS in-between REs reserved for Rel-9/10 DM-RS for rank 1-2 in OFDM symbols {4, 5, 10, 11} in ECP.
We prefer no additional configurability e.g. according to different network configurations since it leads to unnecessary complexity to our view. PDSCH muting, if specified, could be configured on/off, and is discussed in a companion contribution [5]. If it is turned on, the remaining PDSCH REs can be muted in order to allow inter-cell orthogonality as neighbour cells can shift their patterns in these muted resources. The boosting level required for full power utilization should however be limited to a maximum of +6 dB in this case according to RAN4’s guidance [1]. 
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Figure 1: Proposed pattern for 8-Tx CSI-RS (left: Normal CP; right: Extended CP).
Reuse factors
Since our preference goes for a single base pattern (one for NCP, one for ECP), it leads to the same total amount of REs handled for 2/4/8 antenna ports. Hence, the lesser Tx antennas per cell, the larger the reuse factor will be. Good target for the total number of REs are 16 and 24 RE. From our previous studies (in terms of MSE) we have noted that good reuse factors are required to provide channel estimation benefits of CSI-RS over CRS. For example if 24 RE are used, one can get reuse factors within one subframe of 12/6/3 for 2/4/8-Tx antennas respectively. It is worth to be noted that since ECP configuration typically targets large cells – with large delay spread and large inter-site distance, it is intuitively understood that the necessity for high reuse factors is not at the same level as for NCP. Achievable reuse factors for proposed patterns within a given sub-frame are provided in Table 1 for NCP and in Table 2 for ECP.
Table 1: Achievable reuse factor (within a sub-frame) – Normal CP case.
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Table 2: Achievable reuse factor (within a sub-frame) – Extended CP case.
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Coexistence with AP5
The issue of coexistence with legacy Rel-8 Tx mode 7 – namely the potential collision between CSI-RS and REs reserved for AP5 of the same cell – has got a lot of attention over the past weeks. At this stage, the following observations are in place:
· Primarily, TDD systems are not expected to be the main use case for CSI-RS because of channel reciprocity, so there should not be any issue in most practical cases.
· Placing CSI-RS in Rel-8 UE sub-frame already leads to significant performance degradation as seen from extensive performance evaluations conducted in RAN1 and further shown in Section 3. Compared to that degradation, the relative impact of CSI-RS colliding with AP5 is small.
· Turning on the CSI-RS feature without a significant fraction of Rel-10 UEs in the cell will be very harmful to the overall system performance.
· The most efficient way to address performance degradation to Tx mode 7 is to avoid scheduling these Rel-8 UEs in CSI-RS sub-frames.
· CDM-T pattern for 8-Tx CSI-RS punctures AP5 of the same cell by 1 RE at most while PDSCH transmitting Tx mode 7 is punctured by 8-1=7 REs: 
· CDM-T provides slightly better performance than CDM-F due to smaller number of punctured PDSCH REs which mitigates the overall impact. As seen from results in Section 3, this proves to be better solution than puncturing a total of 8 PDSCH REs in frequency domain grouped in a single OFDM symbol (as e.g. in proposed CDM-F patterns).

· CSI-RS of serving cell colliding with AP5 of neighboring cells is not an issue because the latter is scheduled together with associated PDSCH transmitting Rel-8 Tx mode 7: this is seen as beneficial from interference estimation perspective.

Overall, full avoidance of AP5 is seen as a too restrictive constraint for CSI-RS design and risks sacrificing the Rel-10 performance itself. By the time Rel-10 features will be largely deployed, impact to Rel-8 legacy performance in general should not be an issue anymore. Hence we propose to relax the requirements on AP5 avoidance and strive for minimized impact to Rel-8 Tx mode 7 by: 

1. Mostly relying on scheduling-based solutions;
2. Proper choices of frequency-shifts of the base pattern minimizing collisions between CSI-RS and AP5 of the same cell.
3



Impact of CSI-RS multiplexing to Rel-8 Tx mode 7
In this section we investigate the impact of CDM-T vs. CDM-F type of CSI-RS patterns to legacy performance of Rel-8 Tx mode 7. The following two CSI-RS patterns are considered (see Appendix 3): 
1. CDM-T pattern for 8-Tx CSI-RS shown in Figure 4: CSI-RS punctures AP5 of the same cell by 1 RE at most while PDSCH transmitting Rel-8 Tx mode 7 is punctured by 7 REs.
2. CDM-F pattern for 8-Tx CSI-RS shown in Figure 5: CSI-RS totally avoids AP5 of the same cell while PDSCH transmitting Rel-8 Tx mode 7 is punctured by 8 REs in frequency in a single OFDM symbol.
Simulation assumptions are found in Appendix 2. These are inline with agreed Stage-1 parameters [2]. Throughput vs. SNR of Rel-8 Tx mode 7 for separate MCS classes is shown in Figure 2, while the performance with link adaptation in CSI-RS sub-frame is depicted in Figure 3. Based on these results, the following conclusions can be drawn:

· For low to moderate MCS classes: CDM-T slightly outperforms CDM-F patterns;
· For high MCS classes: CDM-T clearly outperforms CDM-F;

· CDM-T pattern provides the best overall legacy Rel-8 Tx mode 7 throughput performance in CSI-RS sub-frame.

Hence it proves more beneficial from legacy throughput perspective to allow partial puncturing of AP5 by 1 RE and less associated PDSCH puncturing by CSI-RS than to fully avoid AP5 REs.
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Figure 2: Rel-8 Tx mode 7 throughput performance for separate MCS classes; CDM-T vs. CDM-F multiplexing, no CSI-RS puncturing serves as reference (top left: QPSK-1/2; top right: 16QAM-1/2; bottom: 64QAM-1/2).
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Figure 3: Rel-8 Tx mode 7 throughput performance in CSI-RS sub-frame; CDM-T vs. CDM-F multiplexing, no CSI-RS puncturing serves as reference.
4
Conclusions

In this contribution we have discussed CSI-RS multiplexing and patterns for LTE Rel-10. Based on the discussion herein, we propose the following:
· Adopt CDM-T multiplexing with OCC2 for 2-, 4- and 8-Tx CSI-RS.
· Define a single base pattern for each of normal CP/extended CP configuration.
· Limit CSI-RS placement to OFDM symbols {9, 10} for NCP and to symbols {4, 5, 10, 11} for ECP.

· Coexistence of CSI-RS and AP5 of the same cell is addressed via scheduling based solutions (i.e. eNB implementation) and by selecting the frequency shift of the base pattern to minimize collision with REs reserved for AP5. 
· In the event a collision between AP5 and CSI-RS occurs, the latter is transmitted in place of AP5.
References

[1] R4-102236, Reply LS on CSI RS boosting impact on BS transmission distortion, RAN WG4
[2] R1-100325, Simulation assumptions for CSI-RS studies, Nokia, Nokia Siemens Networks

[3] R1-103802, Achievable CQI measurement accuracy over CSI-RS, Nokia, Nokia Siemens Networks
[4] R1-103798, DM-RS views on extended CP, Nokia, Nokia Siemens Networks
[5] R1-103801, Stage 2 simulation study of RE muting for inter-cell CSI-RS, Nokia, Nokia Siemens Networks
[6] R1-103101, CSI-RS Pattern Design, Huawei
Appendix 1 – Proposed CSI-RS patterns
Table 3: Proposed CSI-RS patterns for 2-Tx CSI-RS.
	2 CSI-RS ports
	Normal CP
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Table 4: Proposed CSI-RS patterns for 4-Tx CSI-RS.
	4 CSI-RS ports
	Normal CP
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	Extended CP
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Table 5: Proposed CSI-RS patterns for 8-Tx CSI-RS.
	8 CSI-RS ports
	Normal CP
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Appendix 2 – Simulation parameters
Table 6: Simulation assumptions.
	Carrier frequency 
	2 GHz 

	Transmission bandwidth 
	5 MHz 

	eNB antenna configuration 
	Rel-8 configuration: 8 Tx ULA, 0.5 λ spacing

	
	Rel-10 configuration: 8 Tx ULA, 0.5 λ spacing

	UE antenna configuration 
	2 Rx co-polarized, 0.5 λ spacing

	Channel model 
	SCM Urban Macro

	UE velocity 
	3 km/h 

	PDCCH / PDSCH configuration 
	3 / 11 OFDM symbols per subframe 

	Scheduling in time 
	Transmission during Rel-10 CSI-RS subframe 

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

	Number of allocated PRB 
	4 PRB (contiguous allocation) 

	MCS, HARQ & link adaptation 
	{QPSK, 16QAM, 64QAM} ½ or

Rel-8 MCSs

	Detector 
	MRC 

	Precoding granularity  
	1 PRB 

	Transmit precoding/feedback 
	8 Tx SVD precoding (based on uplink SRS) 

	Transmission rank 
	Rank-1 

	Common reference signal configuration 
	2 port Rel-8 CRS in every sub-frame (for overhead purpose)

	CSI-RS allocation 
	Full bandwidth, single sub-frame 

	CSI-RS duty cycle configuration 
	10 ms interval 

	CSI-RS density 
	1 RE/PRB/port 

	CQI/PMI reporting delay modeling 
	1 ms delay 

	CSI-RS reference patterns 
	See Appendix 3 

	Channel estimation for CQI/PMI selection 
	Ideal uplink SRS estimation 

	Channel estimation for demodulation 
	Realistic channel estimation over Rel-8 Antenna Port 5 DRS 

	Simulation output 
	Rel-8 PDSCH throughput vs. SNR 


Appendix 3 – Reference CSI-RS patterns for link-level studies on the impact to Rel-8 transmission mode 7
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Figure 4: Proposed CDM-T pattern for 8-Tx CSI-RS.
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Figure 5: CDM-F pattern for 8-Tx CSI-RS (according to Huawei’s input during email discussion [61-02-LTE-A] on CSI-RS pattern proposals).


























































































