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1. Introduction

In RAN #43, a work item [6] for Rel9 was agreed to further extend the Rel8 single-layer beamforming to single user dual-layer beamforming following the same design principles. The way forward on DL RS design [1] agreed in the RAN1#56 meeting prior to RAN #43 indicates the usage of precoded UE-specific reference symbols (a.k.a. DRS) for PDSCH demodulation for DL higher-order single-user MIMO, multi-user MIMO and CoMP in LTE-Advanced. There is a clear LTE/LTE-A beamforming evolution path from single-cell single-layer beamforming in Rel8 to single-cell dual-layer beamforming in Rel9, followed by multi-cell multi-layer multi-user beamforming in the beyond releases for LTE-A. Hence it is important from a standards perspective to have a proper feature roadmap to ensure a smooth yet backward compatible evolution of the beamforming techniques in 3GPP. The specification work for Rel9 DL dual-layer beamforming and LTE-A multi-cell multi-layer multi-user beamforming based on user-specific reference signals will be ongoing in parallel, but it has been widely agreed in RAN to make Rel9 a short release aiming mainly for corrections from RAN1 perspective and to be concluded by the end of 2009 which is much ahead of LTE-A schedule. Ensuring a smooth yet forward compatible beamforming design based on DRS (from LTE-A perspective) becomes extremely important and deserves careful consideration in RAN1 when designing the dual-layer beamforming for Rel9. In light of previous discussions and the general principles for RAN1 work on Rel9, fulfilling the objectives agreed in the dual-layer beamforming work item with minimum changes to Rel8 specifications is the pragmatic approach to be carried on in RAN1. Maximum reuse of existing Rel8 dual-layer functionality not only helps meeting the standardization deadline for Rel9, but also ensures faster time-to-market for Rel9 products by limiting the implementation and testing effort.
In the following sections of the paper, we consider different aspects of dual-layer beamforming support as an extension to single-layer beamforming in Rel8. We also provide an analysis and our view on how to realize those aspects with minimum changes to Rel8.
2. User-specific Reference Signal (DRS) design principle

In a companion contribution [7], we discuss various aspects of LTE-Advanced downlink precoded UE-specific RS. Several potential candidate RS multiplexing schemes have been proposed, while the criteria to be satisfied by the design have been considered. We also provided corresponding estimates of RS overhead in order to enable evaluation of the LTE-Advanced proposal for the ITU Submission. The exact RS pattern (i.e. detailed RS-to-RE mapping) can be left for further study at this stage. A hybrid pattern, combining FDM/TDM multiplexing with a CDM dimension offers a good trade-off with reasonable overhead for all MIMO modes with beamforming operations, e.g. two or more layers, single or multi-cell, single or multi-user etc., and allowing transparent operation to some extent. It is reasonable and important to discuss the LTE-A DRS patterns taking the dual-layer operation into consideration to minimize the risk of missing the objective given in the Rel9 work item, i.e. the forward compatibility requirement for Rel9 dual-layer and LTE-A DRS design.
3. Codeword-to-Layer Mapping

There are currently two codeword-to-layer mapping proposals for the 8x8 DL MIMO extension in LTE-Advanced, which is also somewhat relevant for dual-layer beamforming since beamforming based on DRS operation was introduced to support large number of spatial layers (up to 8 in Rel10): 

1) Identical mapping to Rel8 for up to four layers and FFS above.

2) The solution proposed in [8] where each codeword is uniformly distributed over all r available layers while enabling the use of SIC receivers with r-1 stages of cancellations. 
To our understanding this aspect was discussed solely within the framework of 8-Tx MIMO, while for other antenna configurations the existing Rel8 codeword-to-layer mapping remains the baseline assumption. At this stage, the benefits of the approach in 2) are unclear, while it obviously is non-backward compatible with the Rel8 mapping and implementation. Such codeword-to-layer mapping would require dual spatial-multiplexing receiver implementations for Rel-9/Rel-10 UEs since these UEs still need to be capable of operating in Rel-8/Rel-9 networks. Thus this unnecessarily adds to the implementation complexity without any demonstrated performance advantages for >2-stage SIC processing in practical scenarios. This does not lead to significant savings in DL control overhead either (with related ACK/NACK bundling). Therefore, our preference is to stick with Rel8 codeword-to-layer mapping and avoid unnecessary changes on existing specifications and legacy UE implementation.
4. Downlink Control Signalling
In Rel8, single-layer beamforming PDSCH transmission is supported by DCI format 1 and 1A for contiguous and non-contiguous resource block allocation in transmission mode 7, and the downlink control signalling formats are the same as the ones used for single codeword PDSCH transmission. For dual-layer and potentially two-codeword beamforming PDSCH transmission, it appears unavoidable to introduce a new transmission mode ‘z’ to support the dual-layer beamforming feature. In order to minimize the changes to Rel8 specifications and limit the number of PDCCH blind decodings, one should consider reusing the existing DCI format 2A (which is used for open-loop spatial multiplexing PDSCH transmission in LTE Rel8) since with precoded DRS operation, the PMI does not need to be signalled to the UE as part of downlink control signalling. In Rel8, open-loop spatial multiplexing with 2 CRS port uses zero PMI information bits, hence the rank adaptation is realized either within DCI format 2A or by using DCI format 1A to fallback the PDSCH transmission from open-loop rank-2 spatial multiplexing to open-loop rank-1 transmits diversity. For single-user dual-layer beamforming, dynamic rank adaptation can be realized by associating single codeword with rank-1 operation and two codewords with rank-2 operation (using exactly the same implicit codeword enabling/disabling as in Rel8). This would not require any extra work and can be taken as the baseline. We note that slow rank adaptation can be still realized by higher layer signalling switching between the new transmission mode ‘z’ and transmission mode 7 enabling a smaller size DCI format to be used more efficiently for single-layer beamforming. In case of 4 Rel8 CRS ports, there are 2-bits used for precoding information, which the UE may simply ignore since the precoder is embedded into DRS and the PDSCH is precoded with same vector as the DRS. This 2-bits overhead is not seen as a major drawback of reusing DCI format 2A for dual-layer beamforming as compared to introducing a completely new DCI format.
As shown in the system simulations in [9] , the rank adaption cannot be very efficiently operated in a beamforming scenario where it is typically hard to track the change of rank due to the very busty nature of the interference at the cellular incurred by beamforming, and there is negative impact to the system performance from dynamic rank adaptation. Hence, it might be sufficient to consider relying on slow rank adaptation via higher layer signalling.
In conclusion, we believe that minor or no changes are needed to the DL control signalling to support dual-layer beamforming.
With regards to the DRS pattern selection during slow rank adaptation (i.e. transmission modes switching via higher layer), the Rel8 DRS pattern (or antenna port 5) should be used for rank-1 beamforming transmission mode 7 and the Rel9 DRS pattern for dual-layer beamforming in transmission mode ‘z’ is used for rank-2 operation. With regards to the DRS pattern selection during more dynamic rank adaptation (i.e. DL control signalling without changing the transmission mode ‘z’), this would be somewhat depending on the exact DRS pattern for Rel-9/Rel-10 and multiplexing schemes, and hence FFS at this stage before more progress on the Rel9/Rel-10 RS discussion. One should keep in mind that 12 REs DRS per PRB was designed for Rel8 single-layer beamforming to ensure sufficient channel estimation and overall PDSCH performance for the middle-to-lower SINR operation range, while Rel-9 dual-layer and Rel-10 multi-layer beamforming are mainly targeting for middle-to-higher SINR operation range with higher user throughput. Additionally, we need to take other factors e.g. implementation complexity, transparency to UE operation etc., into account.
5. Uplink Feedback

During last fall there were extensive discussions and studies regarding the CQI/PMI reporting for transmission mode 7 which in Rel8 single-layer beamforming is based on DRS. It was concluded in RAN #42 that only single CQI derived from all detected CRS ports assuming the transmission diversity scheme enabled is reported in transmission mode 7.
When it comes to the dual-layer beamforming based on DRS, this topic needs to be revisited considering the difference between single-layer and dual-layer beamforming as well as the implications to the LTE-Advanced MIMO design when defining the UL feedback for dual-layer beamforming in Rel9. DRS was introduced to Rel8 single-layer beamforming for a large number (>4) of TX antennas, e.g. as deployed in the LCR-TDD commercial network, where the antennas are typically half-lambda spaced and highly correlated In order to meet the LTE-Advanced peak spectrum efficiency requirements, 8 Tx antennas have been studied in the LTE-Advance study item and DRS was agreed to be used for PDSCH demodulation for both DL higher-order MIMO and CoMP. One can foresee different types of TX antenna setups deployed e.g. uncorrelated, correlated, cross-polarized, co-polarized, distributed, etc and both single-cell and multi-cell DL MIMO operation modes are currently under study in LTE-Advanced. In order to avoid jeopardizing future development of multi-layer beamforming, one should consider having UE assisted channel feedback as baseline, which is  used for the Rel8 MIMO transmission modes and is configurable by eNB (“switch off” is part of the configurations). This way, the beamforming operation can be isolated from the possible mismatch between the DL and UL Tx/Rx chain. Therefore, we believe it is beneficial to have PMI and RI reported by the UE in order to assist the eNB and the PMI/RI reporting modes/schemes defined in Rel8 shall be reused and there is no need for introducing new feedback modes. The PMI/RI is measured over the existing Rel8 CRS ports and does not rely on the new CSI-RS discussed in LTE-Advanced.
We believe the CQI reporting scheme defined for Rel8 transmission mode 7 is a good starting point and it is sufficient to support dual-layer beamforming with only this reporting. We are open to further investigation of whether PMI/RI associated CQI reports as used in Rel8 spatial multiplexing transmission modes will be beneficial for dual-layer beamforming operation even if this is quite different from spatial multiplexing anyway.
Beside the above-mentioned PMI/RI based closed-loop feedback for dual-layer beamforming, one should not forget  the possibility of open-loop beamforming by exploiting the channel reciprocity (TDD specific) or by estimating DoA from UL Sounding RS which was designed in Rel8 transmission mode 7 to save signalling overhead and still provide beamforming gain in some scenario. In TDD, exploiting the channel reciprocity from UL SRS to achieve full channel knowledge at eNB requires antenna switching implemented in the UE so that the SRS transmissions can be alternated between the TX antennas. This is not necessarily desirable as it will reduce the effective UE transmit power due to insertion loss from the RF switch. Our observation is that with typical 8Tx antenna configuration with 0.5-λ spacing, e.g. as in LCR-TDD, the beamforming gain is not sensitive to the partial channel knowledge. For other 8Tx antenna configuration cases, the closed-loop scheme can be used complementary.
6. Uplink Control Signalling

So far, we have not identified any impact from dual-layer beamforming to UL control signalling, since Rel8 UL control signalling already supports 2 codeword DL transmission and as such dual-layer beamforming does not bring any new requirement for HARQ-ACK feedback. As discussed also in the previous section, we prefer to reuse the same Rel-8 PMI/RI/CQI schemes for dual-layer beamforming based on DRS operation. Therefore, no change is expected to UL control signalling related from introduction of dual-layer beamforming.
7. Extension of Single-cell MU-MIMO for beamforming
It was agreed in [6] that possible extensions of the scope of the Rel9 work item, such as MU-MIMO, are to be discussed during RAN #44. The current Rel8 beamforming transmission mode enables one stream transmission using precoded DRS. Determining the precoding at the eNB can be done either by exploiting the channel reciprocity (TDD specific) or by performing DoA estimation. The main characteristics of the beamforming mode is the reference signal pattern and the precoded DRS. Beamforming operation is rather straightforward from the UE perspective since it only needs to be informed of the existence of port 5 (DRS port) and the PDSCH demodulation for one stream is performed using the reference signals from this port. The UE derives the CQI from all detected Rel8 CRS ports in the same way as for transmit diversity. It is important to note that the UE does not have to perform any specific operation in order to support the eNB generating the DL transmission.
This transparent operation of Rel8 single-layer beamforming allows for transparent support of multi user beamforming since two or more UEs in transmission mode 7 can be scheduled to the same PRB. If grid of beam (GoB) type of beamforming is applied, there is good attenuation between different users allocated to different beams and the performance of DRS based channel estimation at the UE and the required DRS density per user are not impacted. The dominant interference source for most of the users will still be inter-cell interference. [9] shows we report a rough estimate of the capacity gain from Rel-8-based MU beamforming for. We have simulated a GoB type of setup where 4 antennas are used to create 4 orthogonal beams covering one sector. Each sector has 20 users with users equally distributed between the beams. The simulation results show that MU beamforming technology can be deployed already withRel-8 and, can provide significant gains with 155% gain for cell average throughput and 128% gain for cell edge throughput over a single transmit antenna configuration. These gains can be used as a baseline for evaluating other Rel-9 MU techniques requiring standardization changes. In order to keep the standardization deadline for Rel-9, minimal standard changes are preferred and the introduction of a standardized MU beamforming technique in Rel-9 should lead to significant gains over the existing possible schemes.
8. Conclusions

In this contribution we discussed various aspects related to the beamforming mode evolution from LTE Rel-8, Rel-9 and to LTE-Advanced. Due to the requirements for backwards compatibility with Rel8, forward compatibility with Rel9, and the increased synergies between dual-layer beamforming and the other MIMO modes currently under investigation in LTE-Advanced SI, our recommendation is to reuse as much as possible the Rel8 design while insuring that new elements such as dual-layer DRS design is kept forward compatible with LTE-Advanced. Given the general principles given by RAN, keeping the dual-layer beamforming mode simple should be a design criteria in order to complete the Rel9 specification according to the specified time-frame and enable timely introduction of Rel9 UEs through minimizing the implementation effort. 

To summarise our design considerations we have the following proposals:
· DRS design principle as in LTE-Advanced and an unified DRS design is targeted, which is clearly mandated by the agreed work item
· Reuse Rel8 codeword to layer mapping
· Define a new transmission mode and reuse DCI format 2A

· Reuse UL control signaling based on Rel8 design

· Reuse Rel8 UL feedback signaling for DL Closed loop MIMO and single-layer beamforming, CQI/PMI/RI reporting are based on Rel8 CRS
We also note that Rel8 already supports MU beamforming and significant gains can already be achieved without requiring standard changes. Creating another MU beamforming scheme in Rel-9 might be too ambitious considering the tight schedule for this work item. If a simple method for Rel9 MU beamforming is identified, the performance should be benchmarked with the existing Rel8 based MU beamforming. Finally, we would like to kindly remind that Rel9 is not intended for introducing enhancements that will come within the LTE-Advanced timeframe.
References

[1] R1-091066, Way forward on downlink reference signals for LTE-A
[2] TR 36.913 v8.0.0 (2008-06), Requirements for further advancements for E-UTRA (LTE-Advanced).
[3] R1-090945, Further performance evaluation for dual-stream beamforming, CATT.
[4] R1-090796, Downlink RS Design for supporting higher order SU/MU-MIMO and CoMP, Motorola.
[5] R1-090875, Further considerations and link simulations on reference signals in LTE-A, Qualcomm Europe.
[6] RP-090359, Enhanced DL Transmission for LTE, CMCC
[7] R1-091352, UE-specific reference symbol multiplexing for LTE-Advanced downlink, Nokia, Nokia Siemens Networks
[8] R1-090917, DL MIMO for LTE-Advanced, Ericsson
[9] R1-091577, LTE DL Beamforming performance and evolution to dual stream, Nokia, Nokia Siemens Networks










