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1 Introduction

Use of UE-specific demodulation RS (UE-RS) for PDSCH demodulation for LTE-A has been agreed ‎ [1] 

 REF _Ref244967023 \n \h 
‎ [5]. In previous meetings the UE-RS pattern for up to rank 2 transmission in normal subframes is agreed. Furthermore, a natural extension of the rank 2 patterns is agreed for up to rank 4. These patterns are based on a hybrid CDM/FDM approach.
Release 10 of LTE requires support of higher order MIMO transmission with up to 8 layers. Such higher rank transmission is needed for meeting the peak spectral efficiency requirements set in LTE-Advanced‎ [6] . Different approaches for UE-RS design beyond rank 4 have been proposed by different companies (e.g. see ‎ [2] 
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‎ [3]).
From chairman notes ‎ [4], the summary of conclusions regarding rank 5 and beyond is following:
· Baseline is CDM+FDM for further evaluations.

· Continue the study of SDM for further evaluation

· Same location with same density (24RE per PRB)

It is also mentioned that further study regarding the following aspects is required:

· Exact mapping

· OCC length(2 or 4)

· Whether or not RB bundling (from rank1 to 8) 

· (If yes) RB-bundling in frequency domain

· UE knowledge of precoding granularity, implicit or explicit, as a function of rank

· Bundling with single or multiple patterns (e.g., pattern rotation)
In this document, we study the above aspects and provide a proposal for UE-RS pattern for rank 5-8. Our proposal provides a UE-RS pattern defined per resource block (RB) for rank 5 to 8. The pattern uses the same RE locations as rank 4 UE-RS patterns in each RB. However, the UE-RS antenna port mapping to reserved locations will be different. Furthermore, we propose defining a larger resource allocation/ precoding granularity for beyond rank 4. This will enable UE to perform joint channel estimation across multiple RBs within the allocation granularity to improve channel estimation performance will reasonable overhead.
2 UE-RS Patterns
The agreed on UE-RS pattern for rank 1-4 for normal subframes is shown in Figure 1. This pattern is based on a hybrid CDM/FDM approach. Orthogonality of UE-RS ports within CDM groups is guaranteed by assigning orthogonal spreading sequences of length 2 (OC =2) to the associated UE-RS port.
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Figure 1: Proposed Patterns for Rank 1 to 4
UE-RS pattern for rank 5-8

In designing patterns for rank 5 to 8, the following principles should be considered:

1. Reuse the same locations and density of UE-RS pattern for up to rank 4 (as concluded in ‎ [4]).

2. Minimize the number of UE-RS patterns to reduce the complexity and associated overhead.

3. Reuse the UE-RS pattern structure for rank 1-4 to the extent possible. In particular rely on a CDM/FDM approach and use similar grouping structure.

In particular, we propose to consider only one UE-RS pattern per resource block for normal subframe inline with principle 2. We will use the same locations used for UE-RS patterns of rank 4 for UE-RS patterns of rank 5 to 8. 
We study two possible UE-RS patterns as shown below. These patterns were proposed previously by some companies (see ‎ [2] 
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 \* MERGEFORMAT ‎ [3]) for rank 5 to 8 based on the agreed pattern for up to rank 4. Keeping the same UE-RS locations and same CDM/FDM structure, one can consider extending the orthogonal multiplexing to larger groups (e.g., 4) as opposed to 2 in UE-RS pattern for rank 1-4. Alternatively, it is possible to rely on using FDM multiplexing of different antenna ports and using different UE-RS antenna port mappings to the reserved locations. The two UE-RS patterns under study here follow one of the mentioned design philosophies.

In particular, pattern A relies on orthogonal multiplexing on groups of size 2 (OC = 2) and define a different UE-RS antenna port mapping to the reserved locations compared to rank 4 pattern. In particular, we consider code division multiplexing within antenna port pairs (4, 5) and (6, 7). These two CDM groups are multiplexed in FDM fashion. Within each CDM group orthogonal codes [1, 1] and [1, -1] are used.

Pattern B relies on orthogonal multiplexing on groups of size 4 (OC = 4) where each group consists of two group of consecutive REs on the same subcarrier but at different symbols. Since the two groups are not adjacent in time, we expect loss due to leakage at higher speeds and higher SNRs. Within each of the two CDM groups, the four columns of the 4 by 4 DFT matrix are used as orthogonal spreading sequences.
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3 RB bundling: coarser resource allocation/precoding granularity

Given the 24 RE/RB density for UE-RS patterns up to rank 8 agreed in previous meeting ‎ [4], the density of UE-RS per antenna port is 3 RE/RB. With such a constraint on the UE-RS overhead, the channel estimation losses can be significant.

In previous contribution‎ [2], we proposed bundling of resource blocks for obtaining adequate channel estimation accuracy with the existing overhead constraints for higher rank UE-RS. In resource bundling, we limit the allocation granularity (in time or frequency) of assignments with high number of transmission layers to more than one PRB. In this case, joint channel estimation across the contiguous allocated resources can provide better channel estimate with smaller overhead.  

Bundling of few contiguous resource blocks can be used for higher rank transmission to obtain a reasonable trade-off between channel estimation loss and overhead. Bundling improves the channel estimation performance but adds constraints on the scheduler and precoding granularity since the smallest unit of data allocation to the UE increases as the bundling size increases. However, it should be noted that
· Higher rank transmissions are not applicable for very frequency selective channels. Therefore, the impact of precoding granularity reduction of bundling (for relatively small bundling sizes) is not expected to be significant as verified in simulations results provided.

·  The resource allocation types defined in Release 8 of LTE ‎ [7] , already introduces a concept of resource block group (RBG) for bitmap indication. We believe that the scheduler complexity of resource bundling is no different from that of supporting resource allocation types in Release 8.
We should remark that the bundling of RBs does not involve design of new UE-RS pattern for different RB bundle sizes. The UE-RS patterns considered, i.e. Pattern A and pattern B, are both defined per resource block. It is the processing of the UE-RS that is carried out across RBs in the bundle. In that sense, the UE-RS pattern is repeated across RBs. Such an assumption can provide simplified channel estimation algorithms based on FFT based time-domain estimation. Furthermore, it provides better compatibility with lower rank transmissions in other cells in terms of RS and data collision.

3.1.1 Analysis of Bundling Size

In ‎ [2], we provided simulation results for resource bundling for multiple UE-RS patterns for rank 5 – 8 and demonstrated the benefits of defining a coarser allocation granularity for transmissions with higher ranks (> 4). It was further concluded that allocation granularity of 4 PRB or 6 PRB is an appropriate choice for the range of frequency/time selectivity that are applicable for higher rank transmissions.

In this contribution, we focus on pattern A and B and different resource granularity sizes. Simulations are carried out for channel models pedA and pedB and low and moderate speed of 3 and 30km/h. resource granularities considered are 1, 2, 4 and 6 PRB. The precoding granularity in these simulations is assumed to be the same as the resource allocation granularity. More detail assumptions regarding the simulations are provided in the appendix.

Simulation results for both pattern A and B and for all four channel configurations are shown in Figure 2 to Figure 5. As it can be observed for both patterns, RB bundling can improve the channel estimation performance significantly. The improvements can be seen for all time/frequency selectivity simulated here. Simulations results show that 4 and 6 RB allocation granularity provides the best trade-off between precoding granularity and channel estimation performance with 6RB bundling performing slightly better.  In particular for one PRB allocation granularity, although the precoding is done at the PRB level but the channel estimation losses degrade the performance significantly. Based on this we propose:
Proposal 1: Adopt coarser granularity for resource allocation/precoding operation for transmissions with rank > 4. Consider resource allocation granularity of 6 physical RB for rank > 4.
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Figure 2 Throughput vs. bundling size for Pattern A, Pattern B and pedA 3km/h channel
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Figure 3 Throughput vs. bundling size for Pattern A, Pattern B and pedB 3km/h channel
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Figure 4 Throughput vs. bundling size for Pattern A, Pattern B and pedA 30km/h channel
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Figure 5 Throughput vs. bundling size for Pattern A, Pattern B and pedB 30km/h channel
3.1.2 Specification Impact of Bundling
As mentioned earlier, there is no significant specification impact of supporting coarser allocation/precoding granularity for higher rank transmissions. The proposal to a large extent has implications on the receiver procedure that is used for channel/interference estimation at the UE side. The only requirement is that UE needs to have knowledge of allocation granularity corresponding to a transmission. The eNB will insure that precoding operation is defined over the allocation granularity size to enable joint channel/interference estimation at the UE side across the PRBs within each resource allocation bundle. We therefore propose
Proposal 2: Consider implicit definition of the resource allocation granularity based on transmission rank. Specifically, any resource grant with rank (4 implies 1 physical RB granularity whereas any resource grant with rank >4 implies 4 physical RB granularity.
We should further remark that with defined granularity of 6RB (and for this matter any even size granularity), uniform number of UE-RS antenna ports per symbol is guaranteed which ensures a power balanced setup and can provide equal PDSCH PSD across allocation.
4 Orthogonal spreading code length
Comparison of performance results for pattern A and pattern B in Figure 2 to Figure 5 clearly shows superior performance for pattern A which is based on orthogonal spreading code of length 2. The leakage due to loss of orthogonality in pattern B with orthogonal spreading code of length 4 can be even observed at low speed of 3km/h. Based on this observation we propose:

Proposal 3: Consider orthogonal spreading code length of 2 for ranks 1-8 UE-RS pattern.
5 Higher rank UE-RS design for extended CP
As we do not expect operation with high rank transmission for frequency selective channels, and since extended CP is more intended for coping with large delay spread, we believe it make sense to support of data transmission for only up to a limited rank, e.g., rank 4 or consider patterns similar (in density and structure) to the pattern adopted for higher rank operation for the normal CP scenario (e.g., see Figure 6).
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Figure 6 UE-RS for rank > 4 for extended CP similar to normal CP UE-RS pattern A

6 Conclusion

This contribution studies and addresses some of the open items regarding the UE-RS design for rank 5-8. We propose a pattern similar to the agreed pattern for up to rank 4. We use resource bundling in conjunction with this pattern to enable joint channel estimation across multiple physical RBs with the objective to obtain adequate channel estimation with overhead constraints. In summary, we propose the following regarding the UE-RS pattern for rank 5-8.

·    Adopt UE-RS Pattern A defined per resource block for rank 5-8 for normal CP
· Pattern A relies on CDM/FDM approach with orthogonal spreading code of length 2 (OC = 2).


[image: image9.emf]Pattern A: OC length = 2


·    Enable joint channel estimation across multiple consecutive resource blocks by defining resource allocation and precoding granularity of 6 physical RBs for transmissions of rank > 4. 
·   For transmission rank (4, 1 single RB allocation and precoding granularity is used. 
·  The resource allocation / precoding granularity is implicitly indicated by the granted transmission rank
·  For extended CP, for each UE, either 
· Consider limiting the rank of transmission to four

Or
· Consider UE-RS patterns similar to Pattern A for normal CP (as shown in Figure 6).
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Appendix A
1.1 Simulation Assumptions 

In Table 1 different simulation assumptions for UE-RS simulations is listed.
Table 1 Simulation Assumptions for UE-RS Simulations
	Transmission Bandwidth
	5MHz

	Channel Model
	Ped-A, Ped-B with 3, 30 km/h

	Number of Tx antennas
	6

	Number of Rx antennas
	6

	Receiver Type
	Linear MMSE

	Allocation Size 
	12 RBs

	Number of Control Symbols
	3

	Number of CRS antenna ports
	2

	CQI/Precoding feedback
	Perfect feedback, for the data subband,

	Precoding granularity
	Precoding granularity is the same as the bundling size, i.e. for 2 PRB bundling, precoding granularity is 2 PRB.

	Number of precoding/rank
	 16 


Further details about the simulations are given below:

· Channel estimation is performed based on 2-D MMSE per each resource block. Uniform Doppler spread and uniform delay spread profile are assumed for forming the 2-D MMSE interpolator.

· The tuning speed is  10, 30 km/h for 3, 30 km/h simulations

· Frequency profile is assumed by uniformly distributed over 2 us for Ped-A and 3 us for Ped-B.

· Ideal knowledge of interference is assumed in this contribution.

· The precoding codebook consists of rotated DFT precoding matrices. 

· CQI/RI/PMI computation is based on perfect channel knowledge with feedback periodicity of 3ms and feedback delay of 3ms.

· Packets are scheduled using the RI, CQI and PMI reported by the UE.

· Target HARQ termination: 10% after 1st transmission.

· Per codeword outer loop MCS adjustment loop is run to meet the target termination.

In these simulations we assume adaptive rank selection. The transmission rank is based on the CQI/RI/PMI report from the UE. Results for system with perfect channel knowledge at demodulation are given for reference as well. The overhead of 24 UE-RS REs per RB is assumed for the perfect channel knowledge results. The REs corresponding to a particular CDM group are used for pilots only if needed according to the transmission rank. Specifically, total of 2K UE-RS REs is used if the rank equals (2K-1) or 2K for pattern A. For Pattern B all 24REs are used for UE-RS ports for rank > 2. The remaining REs are used for data. The power scaling is chosen such that the power of the pilots on all transmitted layers is equal and pilot power per pilot RE and data power per data RE are equal. 
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