
TSG RAN WG4 meeting #57
R4-104271
Jacksonville, US, 15th – 19th November, 2010

Source: 
Nokia
Title: 
Verification of the enhanced downlink MIMO
Agenda Item:
9.4.1
Document for:
Discussion
1. Introduction
Work plan for the UE demodulation performance requirements for enhanced downlink MIMO in LTE Rel-10 was agreed in RAN4 Ad-Hoc#4 [1]. The following aspects were proposed to be addressed in the RAN4#57 meeting:
· Discuss test scenarios for PDSCH/PDCCH performance requirements

· Discuss test scenarios for CSI-RS measurement accuracy

In the present contribution we provide our views regarding the overall verification framework, focusing on the PDSCH verification as some parts of the CSI design – namely CSI feedback reporting modes and remaining details of CSI-RS – are still open in RAN1.

2. Priorization of the antenna configurations
The main intention of the eDL-MIMO verification framework would be to address the UE’s demodulation and CSI performance in transmission mode (TM) 9. It is expected that the MIMO enhancements in Rel-10 are applicable to TM 9 only, however this is to be concluded in RAN1. 

The following MIMO configurations are supported in TM 9:
· 
Single-user MIMO: up to 8 layers

· 
Multi-user MIMO: up to 4 co-scheduled users with a maximum of 2 layers per user and 4 layers in total
It might not be realistic to cover all possible MIMO configurations up to 8 layers within the planned schedule, but a more gradual  approach might be needed instead. Such prioritization would ensure that the most relevant test cases would be completed in a timely fashion however not precluding any future extensions. Note that a similar approach was adopted also in LTE Release-8, where the SIMO and single/dual-layer MIMO requirements were specified in the first batch while leaving the 4 RX requirements to be considered later.

Hence, we propose to address the MIMO work in Rel-10 in three phases:
· 
Phase 1: 2 RX - 1x2, 2x2, 4x2, 8x2 
· 
Phase 2: 4 RX - 4x4, 8x4

· 
Phase 3: 8 RX - 8x8

The target would be to conclude Phase 1 requirements according to the proposed work plan [1]. The work for Phase 2 and 3 would follow slightly later, based on practical and commercial considerations. If deemed necessary, some further prioritization within each phase would be possible, based e.g. on operator preferences. This is considered in more detail in Chapter 4 in the context of the CSI requirements. 
Some initial considerations on the Phase 1 requirements are given in the following sections.

3. Verification of the PDSCH performance
The PDSCH demodulation in TM 9 is based on the reception of UE specific demodulation reference signals in  antenna ports 7-14. The aim of the eDL-MIMO verification will be hence very similar to the dual-layer beamforming (DLBF) in Release 9, where the goal is primarily to ensure the correct utilization of the DM-RS. Furthermore, the verification of the demodulation performance should be decoupled from the verification of the CSI feedback accuracy as to ensure that a bad demodulation performance cannot be compensated by a good CSI performance, and vice versa. This could be accomplished by the use of random precoders as beamforming weights, as done in Release 9.

To avoid unnecessary duplication of the test cases, it would be preferable to reuse the existing requirements as much as possible. It would be also preferable to keep the FDD and TDD scenarios tightly synchronized in order to avoid test case fragmentation. 

The following aspects are covered by the existing dual-layer beamforming tests:
· 
Transmission on a single antenna port 7 or 8 without a co-scheduled user on the same antenna port

· 
Transmission on a single antenna port 7 or 8 with a co-scheduled user on the same antenna port

· 
Dual-layer transmission on antenna ports 7 and 8

The necessary test cases for the verification of the eDL-MIMO up to 2 RX are hence already present in the Release 9 specifications and could be used as the starting point for the design of the Release 10 test cases for both TDD and FDD.
A question then arises whether the TDD requirements should be specified for transmission mode 8 or 9 or both. Repeating the DLBF scenarios for both transmission modes does not seem reasonable as the demodulation procedure is essentially the same regardless of the mode. It could be hence considered whether the antenna port 7 and 8 performance in Release-10 could be verified for transmission mode 9 only. It should be emphasized that the UE’s performance would be in effect verified for transmission mode 8 as well due to the use of the same antenna ports. If needed, the correct implementation of the transmission mode 8 could be (functionally) verified with a new PDCCH/PHICH test case utilizing the DCI format 2B.
The most important new feature of the transmission mode 9 is the CSI-RS, which allows CQI/PMI/RI estimation up to 8 TX antennas.  The density of the CSI-RS is 1 RE per PRB per port with a configurable periodicity within 5-80 subframes. From PDSCH point of view, the CSI-RS is mainly visible in the form of rate matching around the CSI-RS resources. The rate matching could be verified assuming a maximum number of CSI-RS ports (8) and the smallest possible periodicity (5 ms). The impact of the reduced payload due to CSI-RS would need to be accounted in the design of the fixed reference channels.
The muting of the PDSCH resources could be also covered as part of the Release 10 tests. It is however not evident whether this would provide any significant benefits as the performance impact is very similar as in the case of CSI-RS, i.e. due to rate matching.  
Lastly, the existing minimum requirements for DLBF could be possibly reused for transmission mode 9, given the payloads for CSI-RS subframes were selected conservatively. New minimum requirements would be obviously needed for FDD. 
4. Verification of the CSI accuracy

4.1 Introduction and background

The following CSI related enchancements are introduced as part of the transmission mode 9:
CSI-RS: As discussed in the previous section, the CSI-RS is specified for 1, 2, 4, and 8 antenna ports with an overhead of 1 RE per PRB per port. The CSI-RS parameters indicating the number of ports (2 bits), subframe offset and duty cycle, CSI-RS configuration (5 bits) – i.e. frequency and time indices of the CSI-RS resources – are signaled separately via higher layer and these are cell-specific. A Rel-10 UE shall assume PDSCH rate matching around the CSI-RS REs for all unicast PDSCH transmissions in any transmission mode. The UE-specific parameter ρc is used to control UE assumption on reference PDSCH transmitted power for CSI feedback. The parameter ρc represents the ratio of PDSCH EPRE to CSI-RS EPRE in dB. 
When a Rel-10 UE is configured in any of transmission modes 1 to 8, it uses only CRS as support for CSI-feedback for all Rel-8 CSI feedback modes. It is however open in RAN1 whether a Rel-10 UE should use only CSI-RS or CSI-RS/CRS for the estimation of CSI feedback in transmission mode 9. 
First, practical Rel-10 deployments will most likely consider CRS overhead reduction through standard transparent antenna virtualization, i.e. fewer CRS ports than CSI-RS ports, which does not allow full PMI estimation over CRS. Second, the overhead in case of 4 CRS ports is so high that the gains of TM9 are significantly reduced, if still existent. For two CRS ports, TM8 is already there and the difference to TM9 does not justify introducing a new mode. From the UE perspective, having to implement both CRS and CSI-RS is a significant burden in both implementation, doubles testing effort, and will lead to known problems in IoT. Our preference hence goes to the sole usage of CSI-RS for PMI/RI determination over CSI-RS in TM9. 
The situation is a bit different for CQI. While CSI-RS enables PMI estimation and thereby the serving cell signal component, the very low density of CSI-RS does not allow for accurate interference covariance estimation and CRS proves to offer a more reliable alternative. This issue is addressed in more details in [2].
New codebook for 8 TX antennas: The codebook design for 2 and 4 transmit antennas is the same as in Release-8. For 8 transmit antennas, a new dual codebook structure is introduced. This codebook is optimized with the following prioritization of antenna configurations in mind:
1. 
Dual-polarized arrays with 4 dual-polarized elements with λ/2 spacing;
2. 
Uniform linear arrays with 8 co-polarized elements with λ/2 spacing;
3. 
Dual-polarized arrays with 4λ spacing.
LTE Rel-10 eDL MIMO work item focused on low rank (e.g. 1-2) SU-/MU-MIMO. It is a known fact that SU-MIMO is predominant transmission mode in scenarios with low-to-medium spatial correlation with higher channel azimuth (angular) spread. High-rank (e.g. above 4) SU-MIMO requires almost uncorrelated channels. On the other hand, MU-MIMO is typical for highly correlated scenarios with small azimuth spread. Therefore antenna configurations 1-2 will be of more relevance for low rank SU-/MU-MIMO while the third one is tailored for SU-MIMO.
The key principle of the dual codebook is that a precoder W for a subband is composed of two matrices belonging to two distinct codebooks: W1 targets the long-term wideband channel properties while W2 aims at short-term frequency selective CSI. The resulting precoder W for each subband stems as the matrix multiplication of W1 and W2, i.e. W=W1xW2. The codebook elements themselves are based on grid-of-beams components which are well known to provide good performance for MU-MIMO while for SU-MIMO the ability for frequency selective precoding is maintained by allowing beam selection at subband level. As the Rank-1 and 2 design is in particular optimized for the cross polarized antenna configuration, the correlation matrices for 8 TX antennas could be designed assuming the XP design. On the other hand ULA would allow a more straightforward extension of the current correlation matrix design. The pros and cons of these design methods are discussed in more detail in [3].
New feedback modes: The design of the Rel-10 CSI feedback modes is still largely open in RAN1. Multiple way forwards regarding PUCCH and PUSCH design were presented in the previous meeting however without an agreement. Therefore it seems that the RAN4 work for CSI feedback requirements would need to be postponed one more meeting to allow RAN1 to conclude their work in this area.
Some initial considerations on the CSI verification are however provided in the following section.
4.2 Initial considerations on the verification framework

Looking at the current RAN1 candidates for the Rel-10 CSI reporting modes, it seems that the Rel-8/9 verification framework could be utilized in Rel-10 to a some extent. However some further thinking would be needed regarding multiple aspects.
In principle, each CSI feature e.g.
· wideband CQI accuracy for AWGN

· wideband CQI accuracy for frequency selective fading

· subband CQI accuracy for frequency selective fading

· subband CQI accuracy for frequency selective interference

· wideband PMI accuracy

· subband PMI accuracy
would need to be tested for all numbers of CSI-RS ports (1, 2, 4, 8). However, to conclude the requirement work according to the planned schedule some prioritization might be needed. In that case, the requirements for 4 and 8 CSI-RS ports assuming 2 RX should be prioritized as these configurations are expected to be the most relevant ones from practical deployment perspective. Indeed, these support low rank SU-/MU-MIMO operation at the core of Rel-10 eDL-MIMO optimization. The introduction of 1- and 2-TX CSI-RS was more motivated by completeness of the design and to have it as future proof as possible. The use cases for these are still rather unclear: 1- and 2-TX CSI-RS may find use in HetNet deployments while 2-TX inter-cell CSI-RS may also serve as support for possible future introduction of COMP.
Verification of the CQI accuracy: Transmission mode 1 was chosen for most of the Rel-8/9 CQI tests (excluding the dual-layer test case) to avoid complications due to PMI reporting and multiple codewords. However, all feedback modes in transmission mode 9 involve some form of PMI reporting, implying that each CQI value is conditioned upon a certain precoder. Hence the test equipment would need to follow this precoder when measuring e.g. the relative throughput (Gamma) and BLER. In order to exclude the precoding gain from the measurement of CQI accuracy, follow-PMI should be probably assumed in both nominator and denominator part of the Gamma.
High antenna correlation is assumed in the current follow-CQI tests to emphasize the channel variations. For subband CQI cases the high correlation is achieved by applying the same two-tap channel for both RX antenna ports at an equal phase. The extendibility of this model to more than one TX antenna ports needs to be studied.
It needs to be also decided whether the CQI verification should be carried out assuming one or two codewords (layers). Similar approach as in Rel-8 could be perhaps adopted, i.e. carrying out most of the test cases assuming a single codeword while the two codeword accuracy would be verified within one scenario. Such approach would ensure a proper test coverage for the category-1 UEs. Test cases for 3 layers and above would need to be addressed at a later phase.
Verification of the PMI accuracy: The aim of the PMI test cases would be to ensure the accuracy of the PMI selection for 1, 2, 4 and 8 CSI-RS ports. As indicated earlier, the 4 and 8 port CSI-RS configurations should be prioritized over the 1 and 2 ports. The 8x2 could be verified assuming single/dual-layer transmission and ULA/XP with λ/2 spacing at eNB and low correlation at the UE side. The 4x2 would be verified in a similar manner however reusing the existing matrix for low antenna correlation. The verification method of Rel-8 (i.e. based on the throughput ratio between the follow-PMI to random PMI) could be possibly reused in Rel-10.
Verification of the RI accuracy: A new RI test would be needed in Rel-10 to verify the accuracy of the rank estimation based on CSI-RS. Some further thinking on the test method might be needed in order to make the test more receiver agnostic compared to Rel-8.

Carrier aggregation: The CSI reporting for multiple component carriers needs to be considered as well. However this could be treated as part of the CA verification framework.
5. Conclusions

Some initial considerations regarding the verification of enhanced downlink MIMO are given in the present contribution. In order to finalize the requirements according to the planned schedule, we propose that the requirements for different antenna configurations are introduced in a priority order.
Proposal : The MIMO work in Rel-10 is carried out in three phases:

· 
Phase 1: 2 RX - 1x2, 2x2, 4x2, 8x2 (target finalization date May 2011)
· 
Phase 2: 4 RX - 4x4, 8x4

· 
Phase 3: 8 RX - 8x8
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