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1. Introduction

Progress has been made in RAN1#58bis meeting with respect to the up to four-layer operation of UE-specific reference signals. As main alternative for further investigation it has been agreed to utilize the pattern presented in Figure 1, where hybrid FDM+CDM is employed, considering the utilization of localized time span of length-2 CDM codes. In [1] we have presented our view on beyond two-layer operation in both SU and MU modes. The advantage of code length 4 for beyond 4 layer operation has been discussed while PRB bundling aspects have been touched as well. In this contribution we further consider beyond four layer SU-/MU-MIMO operation. Pros and cons of PRB bundling are also addressed in more detail.
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Figure 1: CDM UE-specific RS for four layer operation in normal CP, agreed baseline assumption.

2. UE-specific RS design for above four layer operation
Our current view on the UE-specific RS for 5-8 layers can be summarized as follows:
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Figure 2: CDM UE-specific RS for beyond four layers in normal CP. Dash boxes represent the span of length 4 CDM code.

Single-user MIMO

Ranks 5 - 8: 
Reuse the pattern of Figure 1, but replace length-2 code with length-4 code (as many codes as transmission rank; length-4 code is running in time on same subcarrier as depicted in Figure 2). Flexible power balancing is allowed when operating 5, 6, 7 and 8 layers as power per layer can be flexibly allocated due to same FDM positions of the reserved resources. Also such pattern allows partial reuse of channel estimation filters implemented for the rank 1-4 patterns and hence simplifies UE implementation. The use of code length four on either green or blue RE positions is applicable only for single-user transmission with more than four spatial layers.
Multi-user MIMO

Ranks 5 - 8: 
To date there is no evidence of practical use cases requiring MU-MIMO operation over orthogonal DM-RS for 5 to 8 spatially multiplexed UEs, rather one can utilize quasi-orthogonal DM-RS if such very high order MU operation would be needed. See also discussion in [2] . Hence designing 5-8 layer DM-RS for MU-MIMO should not be the priority nor our target for LTE-Advanced. We want to point out, as also mentioned in [2], that such operation would also require very complicated downlink control signalling. As mentioned, quasi-orthogonal DM-RS [7] allows such MU-MIMO with minimum standard/implementation related impact yet achieving attractive performance as shown in e.g. [8]. 
We propose to focus the design of UE-specific RS for 5-8 layers to SU-MIMO. One promising alternative is the pattern shown above.
3. PRB bundling

The main alternative patterns to the above pattern seem to require PRB bundling. In previous RAN1 meeting, further discussion on PRB bundling has been proposed. There are several main approaches for PRB bundling that we are discussing in the following. 

1. PRB bundling for ranks 1-8 and same per-PRB RS pattern
 for all ranks

First proposal on using PRB bundling is to use the same (above) RS pattern in each PRB in which case the bundling is only expected to improve channel estimation due to better channel interpolation possibilities in frequency. Indeed, increasing the channel estimation span leads to better performance at least in some cases: there is a well-known trade-off between gains from increasing channel interpolation span in frequency vs. losses from increasing frequency selective precoding granularity. This can be seen by inspecting results in Figure 3 and Figure 4 shown in Appendix 1 where one, two, three and six PRBs in the precoding/channel estimation process have been used in 3GPP TU and PA channels. The optimal bundling size is hence channel/scenario dependent, in particular for the frequency-selective 3GPP TU channel there is significant performance loss from PRB bundling while for the PA channel there is very minor gain. In addition, there are several not so encouraging implications from PRB bundling from system perspective:

· Scheduling constraints are brought to the system as one needs to allocate PRBs according to the bundling granularity independently of the actual resource allocation need. This may lead to inefficient transmission when transmitting a lot of small packets.
· Resource allocation/bundling granularity has to be a multiple of the one used for precoding, which can become more difficult to handle. This becomes also difficult from the point of view of existing resource allocation field formats: for example, in resource allocation Type 1, one is allocating only up to P contiguous PRBs, where P={1,2,3,4} is dependent of the system bandwidth. If P is not an exact multiple of the PRB bundling granularity, there will be issues with using resource allocation Type 1 for DL grants. There are problems also with resource allocation Type 0, since P has to match the bundling granularity as well.
Considering the very minor gain in carefully selected scenarios as well as the system-level impacts and resulting standardization effort, having PRB bundling for the sole purpose of improved channel estimation does not seem to be justified.
2. PRB bundling for ranks 5-8 and specific bundling RS pattern for high ranks

Another proposal for PRB bundling is to utilize it for creating larger resource allocation units that allow RS patterns to span over multiple PRBs [9], hence potentially allowing more freedom in the RS design for ranks 5-8. Remarks from the previous section with respect to channel-dependent behaviour apply also here to higher rank transmissions. However, one may argue that closed-loop operation with high number of layers is likely to happen in channels exhibiting some medium degree of frequency selectivity [9]. Nevertheless, scheduling constraints do remain an issue, and also one needs extra signalling indicating to the UE the bundling size. The aforementioned resource allocation types become especially difficult to deal with in this case, e.g. it is impossible to come up with one multi-PRB RS pattern that can be matched with all values of P={1,2,3,4}. Hence it seems that resource allocation types would also require modifications and hence largely increased standardization effort if this type of bundling is adopted. Furthermore, different UE-specific RS patterns for different ranks are adding extra implementation effort which seems unjustified performance-wise. Hence, also introducing this kind of PRB bundling does not seem justified.
3. No PRB bundling and same per-PRB RS pattern for all ranks

Obviously this is the option of having no PRB bundling at all - this is the current agreement in 3GPP and also the precoding/channel estimation foundation in both LTE Release 8 and 9. Results in Appendix 1 support the claim that per PRB channel estimation/precoding offer a good compromise for various channel types/scenarios. Even in scenarios where PRB bundling provides gains, the gains are very marginal with respect to per-PRB processing. Moreover, flexible operation of SU/MU feedback/modes can be easily reached with this assumption. Code length of 4, running on same frequency subcarrier in time can provide flexible power handling and operation of beyond 4 layers for the UE-specific RS pattern. As this approach is more UE implementation friendly and brings no constraints on scheduling, we further support this option as working assumption, implying also that same UE-specific RS pattern is utilized for all ranks with corresponding adjustments depending on the specific rank and code length.
4. Conclusions

Design considerations presented in this contribution indicate a preference towards code length 4 hybrid FDM+CDM UE-specific RS for beyond four-layer operation, while alternative 1 from RAN1#58bis is considered for below 4 layers. Per PRB processing for channel estimation and precoding feedback is seen as good trade-off solution and should be considered in 3GPP instead of PRB bundling. Regarding the extended CP solution for LTE-Advanced, the latter should stem from the conclusions on the same topic currently being discussed for LTE Release 9 dual-layer beamforming and is addressed in more details in [6].
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Appendix 1 – Simulation assumptions and results
Table 1 Simulation assumptions

	Parameter description
	Value / Comment

	Transmission bandwidth, carrier freq.
	5 MHz, 2 GHz

	Channel model, UE velocity, spatial correlation
	3GPP TU, PA -3 km/h.

	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
	QPSK {1/2}, 16QAM{1/2}, 64 QAM {1/2}

	HARQ
	Not used

	Number of allocated PRBs
	6 PRBs scheduled

	Precoding
	IID codebook

	Precoding granularity
	Depending on chunk widths, as described in legends

	Transmission rank
	Rank-2 (no rank adaptation)

	Number of codewords
	2 codewords

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

	UE-specific RS multiplexing
	hCDM from Figure 1.

	CSI delay 
	2 ms

	Channel estimation for CQI computation
	Ideal

	Channel estimation for demodulation
	Depending on chunk widths, as described in legends, 2D realistic channel estimation on UE-specific RS
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Figure 3: Two stream transmission, 3GPP TU channel, 3 km/h velocity.
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Figure 4: Two stream transmission, PA channel, 3 km/h velocity.

� By same per-PRB pattern we refer to the resource elements used. Obviously the operation of the pattern leads to different configurations depending on the used rank, see the description in section 2.





