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Discussion and decision
1
Introduction
A new aperiodic PUSCH mode was agreed in the previous RAN1#72bis meeting with several FFSs remaining to be solved in the next RAN1#73 meeting (related way forward can be found in [1]). One of the FFSs is on whether to include additional multiuser specific CSI in the feedback report:

 A new aperiodic PUSCH feedback mode is supported in Rel.12 with following feedback:
· …

· Additional information in the CSI reports is FFS

· For example CSI feedback enhancements targeted at improving MU performance

Multiuser MIMO -specific CSI feedback has been discussed already during Release 10 and 11 with one main discussion point being the need for a multiuser MIMO -specific CQI.  In this contribution we consider the enhancements proposed in the previous RAN1 meeting in addition to the ones listed in [1] and give our view on the problem.
2
Multiuser CSI enhancements
When a multiuser transmission is scheduled, the SINR condition seen by the UE depends on the scheduling decisions made by the eNB and the selected transmit filtering. The scheduling decisions are changing per subframe and are made based on the CSI feedback calculated earlier as well as on the network traffic. The transmit filtering depends on the multiuser precoding scheme and the pairing selection as well as the number of co-scheduled layers. For example, if the precoding scheme is the zero-forcing precoding, the orthogonality of the PMIs of the selected pairs affects the power scaling per user. The own PMI quantization error affects the multiuser interference level after receiver processing, with the extreme that if there is no quantization error, there is no multiuser interference independent of the pairing decision. Naturally, also the number of co-scheduled layers affect the CQI.  
Observations:

·  SINR at the UE in multiuser MIMO transmissions depends on scheduling decisions and the transmit filtering, that is:
· Number of co- scheduled layers in addition to own layer(s)
· PMI(s) of the selected multiplexed user(s) and selected precoding scheme
· Quantization error between own channel and the precoding weights used for own layer(s)  
Due to the above listed issues, predicting the actual multiuser interference is a challenging task. Instead, there exists different ways to predict the multiuser interference level that can be reflected in a multiuser specific CQI. For example, the UE may report a multiuser CQI that is based on an average over the interference caused by few potential pairing UEs, or the UE may report a multiuser CQI that is based on a specific (or random) pairing option.
In [1], there were several proposals on how to improve the performance of MU-MIMO by MU-MIMO –specific CSI, essentially tackling the above-mentioned issues. In the following we evaluate each of these as well as other proposals from RAN1#72bis conceptually.
3
Multiuser CQI based on CSI-IM resources
Using the CSI-IM resources for multiuser CQI measurements was proposed in [2] and [5]. The operation described in [1] is such that when a UE is paired with another UE, the UE measures the inter-user interference from a configured CSI-IM resource and uses that to calculate the next multiuser CQI. It is also proposed that by RRC signaling one can configure the averaging window to match the pairing decisions. In [5], the approach is similar with the difference that eNB emulates the multiuser interference predicted to be the actual multiuser interference at the time of transmission. Obviously, in both cases it is up to the eNB to emulate the multi-user interference, i.e. the actual emulated multiuser interference on the CSI-IM resource is standard-transparent.
Prediction of the pairing UE works only if the reported PMIs of the user stays correlated for a longer period of time, say tens of milliseconds, as the pairing decisions are highly dependent on the mutual orthogonality of the pairing PMIs. For example, the eNB decides on the pairing PMI based on the reported PMI1 and mimics the MU-interference [4], or actually pairs the UE [2]. Then, if the PMI2 reported after PMI1 is no longer closely correlated to the PMI1, the user may not be paired with the previously considered pair resulting in a CQI mismatch. Also, as the own quantization error affects directly the experienced multiuser interference, the actual interference experienced may be quite different to the measured one as the measured interference is not the multiuser interference after receiver processing. Consequently, these approaches may result in a quite random multiuser CQI. Controlling the averaging window length does not solve this issue. A short averaging window results in a CQI reflecting a random pair and a long averaging window results in an average pair. Both types of multiuser CQIs have been shown to perform equally in [10]
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[11]. Thus, it is not that relevant for the multiuser operation which averaging window is in use.
Furthermore, limiting the averaging window is being currently considered in RAN4 already for Release 11. It is shown in [9] that the interference averaging should be anyway limited to one CSI-IM resource even in single user operation, as this way the CQI will be more strictly defined, enabling better interoperability between the UE and the eNB, e.g. in terms of OLLA operation [9]. As this would already offer a standard-transparent way of providing MU-CSI, it is observed from MU-CSI point of view that there is no benefit of having a configurable averaging window over having the averaging window fixed to one CSI-IM resource. Instead, if the averaging window is fixed to one CSI-IM resource, it possible to configure a UE to report single user and multiuser CQI in a time multiplexed way with single CSI-process. 
Observations:

·  If the reported PMIs are uncorrelated in time, a short averaging window results in a CQI reflecting a random pair and a long averaging window results in an average pair.
· The interference averaging window should be anyway restricted to one CSI-IM resource.
· Configurability of the averaging window does not bring any advantage to CSI-IM based multiuser operation.
Thus, we propose the following:

Proposal:

·  Interference averaging window should be fixed to one CSI-IM resource.

·  Benefits both single user and multiuser operation.
In addition, the CSI-IM approach has a benefit that the network may control the multiuser CQI in the sense that it may mimic the number of co-scheduled layers. Again, the problem of resulting to a correct CQI is whether the predicted scheduling can actually be made. Thus, there is a tradeoff between attempting to execute the predicted scheduling decisions and scheduling flexibility. 
4
Multiuser CQI based on interference emulation

As another approach, the UE is also able to emulate all MU-CQI estimation options by calculating post-processing SINR values assuming certain pairing PMIs. This can, however, significantly increase the UE complexity depending on the exact emulated MU-CQI. It is noted that a significant effort was spent already in Release 11 for keeping the UE CSI computational complexity feasible and any increase in that respect should be very clearly justified
One enhancement proposed already during Release 10 is the best companion feedback (BCI). This was considered in [2][4]
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[5]
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[7]. One known problem of BCI feedback is that if the paired user is not the BCI pair, the CQI is optimistic, and as the SINR difference between different pairing options can be quite large, it leads to performance degradations. The probability of finding the BCI pairs is quite low in the typical cases with a moderate number of users.
In [10]
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[11], different multiuser CQI options have been heavily investigated, comparing to single user rank 1 feedback. One of the multiuser CQIs was the BCI CQI. The results did not show gain over the rank 1 single user CQI which was used with a specific scaling taking into account power scaling and some portion of the multiuser interference. In [6], reporting of several wideband multiuser CQIs relative to a single user rank 1 CQI was considered. However, it was not mentioned how many bits were used for the relative reporting. Also, as the CQIs were relative to rank 1 single user CQI and the single user operation was based on rank adaptation, it is unclear which CQI the MU-CQIs were relative to when the UE reports rank 2 CSI. The benefit of reporting multiple wideband multiuser CQIs should be compared to subband single user CQI reporting where smart scaling is applied on the single user CQI. Further, in the evaluations done in [6], full buffer ULA scenario, which is highly multiuser friendly, was considered. This can be seen quite unrealistic and it is also not a top priority scenario. Moreover, in case of realistic finite buffer traffic, the multiuser CQI would have further challenges as the number of adequate pairing UEs would decrease. Multiple multiuser CQI reporting was also considered in [8]. The emulated multiuser CQIs require more UE complexity than the CSI-IM based multiuser CQI operation especially if some sort of selection is required like for BCI. Also, when multiple CQIs are reported, multiple CQIs need to be calculated and in the end only one is used for the link adaptation. Thus, it can be viewed that reporting multiple multiuser CQIs is not very efficient.

The BCI-CQI, average CQIs and the wideband relative CQIs are all based on the assumption that two users are paired with rank 1 transmission.  However, it is possible to schedule up to 4 co-layers, thus either the multiuser transmission needs to be limited to two users and rank 1 transmission, or a more general CQI enhancement needs to be considered if feasible.

Observations:


· MU-CSI can significantly increase UE CSI feedback processing complexity.
· Calculating and reporting multiple multiuser CQIs is not very efficient as in the end only one CQI is used for the link adaptation.
· It is unclear how the proposed MU-CQI enhancements can benefit the current network scheduling flexibility.

Proposal:

· Multiuser CQI is not seen as a viable solution and should not be specified.
5
Codebook considerations

The used codebook affects to both single user and multiuser performance. In [7], it was proposed that for multiuser reporting, instead of using the rank 1 codebook the user would use an extended codebook that is formed of all column vectors of the rank 2 codebook when searching the codeword. Thus, for improving main eigenstream quantization, UE would first search normal rank 1 codebook and then the higher rank codebooks column by column. This increases the codeword selection complexity and makes the UE to do unnecessary computations as the codebooks for different ranks include same columns. It is also not clear what kind of impact is foreseen to RAN1 specifications from this proposal. 
When UE selects the higher rank codeword for the MU-MIMO transmission, the eNB should know somehow which column to use. If the codeword is rank2, it may be possible to distinguish the columns with the two CQIs. Also, the weaker stream CQI is calculated and reported and thus its feedback consumes more bits than a simple indication would. 

Observation:

· The proposal of searching consecutively several rank n codebooks column by column increases UEs codeword selection complexity and makes UE search among same vectors multiple times. 
Proposal:
· Multiuser PMI is not seen a viable solution and should not be specified.
6
Conclusions

In this paper we have discussed several proposals related to the introduction of MU CSI in Release 11. These problems have been discussed along Releases 10 and 11 while no benefits have been identified at that time. Current analysis confirms the previous findings and our recommendation is that no MU CSI feedback is introduced in Release 12.
Proposals:

· Interference averaging window should be fixed to one CSI-IM resource.

·  Benefits both single user and multiuser operation.
· Multiuser CQI is not seen as a viable solution and should not be specified.
· Multiuser PMI is not seen a viable solution and should not be specified.
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