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Discussion / Decision
1. Introduction
In Ran1 #56bis, it was agreed that codebook-based precoding is supported for FDD, and the maximum total codebook size for 2Tx and 4Tx antennas are 8 and 64 respectively. The exact codebook for 2Tx was further agreed in R1-091666.  There are some proposals and discussions on non-codebook precoding in Ran1 #56bis, but further consideration on the implementation and performance gain needed before final decision. 

Non-codebook precoding vector or matrix is obtained based on DL RS, and this property suggests potential gain from it in the following aspects:

· Better performance due to more accurate precoding vector, 
· Possibility to use frequency selective precoding
· No need to restrict precoding vector to a certain codebook.

· Lower control signaling overhead due to no need for PMI in the DCI;

· Lower SRS overhead due to no need for SRS for precoding vector calculation;
· Shorter CSI delay since it is obtained based on DL RS;

In this contribution, we look into these aspects in more detail to see whether the potential gains can be achieved in a practical system. We also discuss some of the challenges to make a well functioning non-codebook based UL MIMO scheme such as UE calibration and testing.
2. Performance of non-codebook precoding
In this section, we investigate the performance of non-codebook precoding in different scenarios with realistic assumptions which is summarized in table 1, SVD non-codebook precoding is used at both eNB and UE side (though it is unclear yet how to ensure the same non-precoding algorithms implemented at both sides from different eNB and UE vendors), UE derives the channel state information (CSI) from the DL CRS. In order to study the practical upper bound performance of non-codebook precoding, UE calibration is assumed in this simulation study as shown in the table 1. More detailed discussion about calibration impact to non-codebook precoding can be found in section 5 and [4]. 
Figure 1 gives the performance of wideband (WB) precoding of codebook and non-codebook with rank-1 transmission, it shows that non-codebook precoding performs equal or even worse (more than 1dB loss) than codebook precoding in both 2x2 and 2x4 in all SINR range of interested. 
Figure 2 shows the performance of narrow band frequency selective non-codebook precoding with one PRB precoding granularity and rank-1 transmission. For 2x2 case, frequency selective non-codebook precoding performs about 0.8dB better than close-loop codebook precoding at higher SINR range while at lower SINR both have same performance, this is due to the fact that channel estimation loss from narrower bandwidth has more impact in lower SINR than in higher SINR. For 2x4 case, it is hardly to find any gain in all SINR range of interests. For 2x2 case, the cubic metric (CM) increase due to SVD frequency selective non-codebook precoding is given in figure 3, where it shows that the CM increase is significant as compared to close-loop codebook based wideband precoding.
Table 1: Simulation parameters

[image: image1.png]Centeral Frequency

2.0GHz

System bandwidth

10MHz

User allocation

4 PRBS, 20PRBs

Cyclic prefix Normal CP
Velocity 3kmph
Channel NLOS, urban macro

Antenna configuration

2x2, 2x4, antenna separation is 0.5lambda and 4 lambda at UE and eNB

Channel estimation Real
Receiver MMSE
CQI/CSI delay for link adaptation 4ms
Precoding granularity for FS precoding 1 PRBs

HARQ

max 3 retransmissions (total of 4 transmissions)

Calibration Error

Modeling as in[1], with (o2, 52) = (0.01,0.01)
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Figure 1 Comparison of codebook and non-codebook WB precoding with 4 PRB resource allocation, rank-1
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Figure 2 Performance of frequency selective non-codebook precoding with 20 PRB resource allocation, rank-1
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Figure 3 Cubic Metric increase of non-CB FS precoding compared to CL-CB WB precoding, rank-1
We continue investigating on full rank transmission performance of non-codebook precoding, i.e. rank-2 transmission in 2x2 and 2x4 antenna configurations. According to [3], only identity matrix is used for full rank transmission for codebook based precoding, one may speculate a potential gain with non-codebook precoding by using a larger precoder candidate set. The simulation results are shown in figure 4 REF _Ref228347882 \h 
 \* MERGEFORMAT . Here different simulation parameters from Table 1 is that the allocated UL transmission bandwidth is 8 PRBs, precoding granularity is 2 PRBs and MMSE-SIC is used at the receiver. It can be seen from the figure REF _Ref228347882 \h 
 \* MERGEFORMAT  that both precoding schemes have similar performance with both antenna configurations, although the SVD precoding has some gain for the case of 2x2 and 3km/h at high SNR range at a cost of high CM which is shown in figure 5.
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Figure 4: Performance comparison of non-codebook and codebook precoding with full rank transmission
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Figure 5 Cubic Metric increase of non-CB FS precoding compared to CL-CB WB precoding, full rank
Furthermore, the above study has assumed that both eNB and UE has mutually known precoding granularity, i.e. either wideband or N-PRB granularity. In case such granularity is decided at UE only and eNB has no knowledge about that, the performance is studied in figure 6 with allocated bandwidth of 20PRB and 2 PRB precoding granularity for FS precoding, and the performance is very poor.
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Figure 6 Impact of unknown precoding granularity at eNB

3. Control signalling and SRS requirement to support non-codebook precoding
In the section, we consider the control signaling and SRS requirement of non-codebook precoding. 

3.1. Control signaling overhead

Release 8 LTE does not support UL MIMO, so to support the new feature of UL MIMO in LTE-A, new DCI format is anyway needed. Frequency selective non-codebook precoding based on channel reciprocity does not require PMI indication and can be seen as one advantage of non-codebook method. However, if UE use frequency selective precoding which is not known by eNB side, there could be performance loss in channel estimation part as shown in previous section figure 6. Such loss should be evaluated before we make decision on whether frequency selective is only an implementation-related issue for non-codebook or control signaling indicating precoding granularity is needed. In case control signaling indication is needed non-codebook based precoding might require higher control signaling overhead than ordinary wideband codebook based precoding.
3.2. SRS overhead and link adaptation
Codebook precoding will need SRS for PMI calculation and link adaptation, while non-codebook precoding only needs to send SRS for the second purpose. Then SRS overhead saving is possible in following 2 cases:

a. Assume that PMI is updated more frequently than link adaptation:  

b. Use precoded SRS for link adaptation and use un-precoded SRS for rank determination

However, the assumption in case (a) is not necessarily be guaranteed and for case (b), further control signaling is needed  to indicate which kind of SRS is used and the overhead saving is only possible when precoding rank is less than number of transmission antennas. So, the SRS overhead saving is not very promising.
For case (b), alternatively we may rely on non-precoded SRS as this is also the most likely solution for code book based MIMO. Then we note that in non-codebook the precoder is derived at the UE and as the algorithm for precoder selection will be UE implementation dependent therefore it is not possible for Node B to know which precoder the UE will select. As knowledge of the precoder is needed to estimate accurately what MCS to select for the next transmission, there could be some loss from degraded link adaptation performance for the non-codebook case. Estimating accurately the SINR for a potential transmission depending on UE bandwidth and TTI is also important for the performance of channel aware scheduling, so here non-code book schemes might also lead to some loss.
4. Realistic CSI and CQI delay for non-codebook precoding in TDD system
In this section, we try to derive a more realistic CSI delay and CQI delay for both codebook and non-codebook scheme. If we assume that the CSI for non-codebook can be obtained based on the latest DL subframe before the UL grant, and the CQI is obtained based on SRS in the latest UL subframe before the UL grant, then the CSI delay and CQI delay can be obtained as shown in Table 2 for each DL/UL configurations. Furthermore, 1ms processing delay is assumed for both eNB and UE, this may however be too optimistic for implementation. Though CSI for non-codebook precoding vector calculation has much shorter delay than that in codebook scheme, the CQI delay is the same and this reduces the potential gain from non-codebook precoding.

Table 2: CSI and CQI delay for each TDD configuration (k
, CSI delay, CQI delay)
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5. UE Calibration

The principle of non-code book based MIMO relies on the effective radio channel in UL and DL being reciprocal. This is possible to achieve for TDD systems but as receiver and transmitter should be counted in the total channel response, calibration of UL and DL effective channel is needed in order to maintain channel reciprocity.
The calibration procedure and impact to the performance of non-codebook based precoding for DL is analyzed in the contribution [4]. To summarize the conclusions in an UL/DL agnostic way:
· Calibration for maintaining effective channel reciprocity can be done independently at the transmitter and receiver.
· Performance is very sensitive to accurate calibration at the transmitter.

· Performance is not very sensitive to calibration errors at the receiver.
Note that transmitter refers the UE when we are talking about UL SU MIMO. 

So from these investigations we conclude that support of UL SU MIMO would require some sort of calibration at the UE. Different methods for calibration have been proposed but all have the problem of complexity and cost. Complexity either in the UE implementation where calibration circuits are needed or complexity in terms of new signalling schemes to make over the air calibration based methods impacting the standard and also UE implementation. Note that the performance results above assume that calibration is done, but done in a way so that the final result is not perfect and some residual calibration error still exists.
To summarize; UE calibration is crucial for maintaining TDD channel reciprocity property and this is one of the major obstacle to the application of non-codebook based schemes for UL MIMO, in addition to the limited gain and greatly increased CM as shown in section 2.

6. UE testing
One important aspect of 3GPP technologies is interoperability. When a UE is certified compliant to the 3GPP specification it means that it is supposed to operate in networks all around the world, networks built by many different vendors and operators. This is one of the major advantages and also challenges of 3GPP technologies based mobile devices.

To maintain good interoperability it is important to make UEs with deterministic performance which can easily be tested in a controlled environment. Introducing freedom for the UE to choose on how to handle important issues such as MIMO precoding will make testing much more difficult as the UE performance will then be less deterministic and one needs to check that the algorithm plus implementation chosen by the vendor works in a number of different environments
7. Summary

In this contribution, we evaluated the non-codebook based precoding for TDD system from both control signalling and performance aspects, some observations are summarized as follows:

· The simulation results show that even when UE calibration is performed (though not perfect), SVD based non-codebook precoding performs worse than codebook based approach for WB precoding. For frequency selective precoding, SVD-based method brings no gain for 2x4 configuration and less than 0.8dB gain for 2x2 configuration in high SNR region with quite high CM increase.
· The potential control signaling and sounding overhead reductions from non-codebook UL precoding are minimal. Moreover there could be some performance degradation as Node B can not accurately estimate the UL SINR needed for RRM because it does not know what precoder the UE will select. 

· UE calibration is a must have to insure the performance of non-codebook based UL precoding. It is however not clear how to do this without adding excessive complexity and cost.
· With introduction of non-codebook UL precoding it will be more difficult to ensure consistent UE performance as the precoding can not be controlled.
Based on these observations, we suggest that to adopt codebook based UL precoding as the working assumption for LTE-Advanced TDD, and continue investigating non-codebook based UL precoding.
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