Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG1 #87
R1-1612334
Reno, USA, November 14 – 18, 2016
Source:
Ericsson

Title:
On DL and UL CPE compensation in MIMO
Agenda Item:
7.1.3.2
Document for:
Discussion and Decision
In RAN1#86bis, the following agreement was made regarding phase noise evaluations:
1 Introduction
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In NR for higher carrier frequencies it is agreed that 3GPP should study the effect of phase noise. In terms of phase noise, the main focus is to introduce Phase Noise Compensation reference signals (PT-RS) to compensate for common phase error (CPE) which constitutes the significant part of the phase noise [1]. When evaluating CPE-compensation the target is to have sufficient quality estimates of the CPE for different deployment scenarios while maintaining a low overhead. 
CPE compensation is more important for higher SINR and higher modulation [1], hence is targeted for higher bit-rate scenarios where it can be assumed that the UE is more capable in terms of receiver and number of RX/TX chains. Higher SINR is also suitable for higher order spatial multiplexing, hence we should also consider evaluation assumptions for MIMO evaluations.
In higher frequencies the smaller antennas elements sizes imply that more antenna elements can be fitted for a given area. Some of these will need to be utilized to combat path-loss. But in many scenarios, e.g. hot-spot traffic off-load scenario, more RX/TX chains can also be added compared to typical LTE scenarios. In the receiver there is a possibility to utilize this higher number of active RX branches, to allow for higher order spatial multiplexing in such hot-spot scenarios. For the UL a larger number of uncorrelated TX phase noise components for UL MU-MIMO can scale the required number of orthogonal PT-RS signals in UL. Hence the overhead increases at least in terms of the radio interface if the resources are semi-statically assigned, but potentially also in the signalling overhead if we dynamically assign the resource mappings [2]. In this paper we discuss the receiver assumptions for the evaluations to investigate the PT-RS structure to enable support for multiple TX-chains with uncorrelated phase noise, e.g. MU-MIMO in UL. Observe that some larger set of PT-RS can be needed in DL for MU-MIMO also due to that we want to beam-form the PT-RS differently to different users.
2 Discussion

To facilitate CPE estimation on PT-RS it is assumed here that PT-RS is not interfered by data from the same transmitter. Furthermore, it is assumed that the PT-RS is beam-formed to each receiver. Hence in DL more users lead potentially to additional overhead also, but the main focus here is UL MU-MIMO. But when scaling the number of layers to the same user there is no need for additional overhead for PT-RS. In the discussions for PT-RS design it has been proposed that to exploit this property, that is, each TX, when using multiple DMRS ports to the same user, only uses one of the assigned ports for transmitting the PT-RS. At the same time, data on the PT-RS resources for the other ports are muted. Further users with poor channel conditions and low SINR could potentially not need any PT-RS hence blanking all layers on the PT-RS resources as they are not in need of the CPE compensation [1]. This is a natural solution to lower overhead in the MIMO case, and is one option to lower overhead that we should investigate. Observe that in the case when we use spatial multiplexing on data and then a lower order spatial multiplexing of a set of PT-RS should give the same or better quality on the PT-RS. Further by sending the PT-RS over one of the DMRS ports the channel estimation and spatial interference filtering derived from the DMRS can be reused for PT-RS reception without needing to estimate this on the PT-RS signal.
Observation 1 Sending PT-RS over one DMRS port allows the receiver to calculate spatial processing on DMRS and reused this for PT-RS reception.

We have already noted that this is attractive from an overhead point of view, but we need to investigate the solution as it can lead both to some complications and benefits for the CPE estimation. In particular for both the frequency and the code multiplexing of DMRS this solution can have power density impact for the PT-RS as depicted in Figure 1.
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Figure 1: SU-MIMO power density for CPE tracking on 1 TX port out of 4 TX ports
This implies the following: 
Observation 2 When using one of a multiple of TX ports the power spectral density on the PT-RS can become lower than other resource elements.
This lower power density could be adjusted, e.g. blanking adjacent data resources to redistribute power, but such a solution then costs overhead. But there is also a benefit if all transmitters are using the same sub-carrier mapping for the PT-RS as a lower power density implies that a matching lower level of interference power is experienced on the PT-RS. 

Observation 3 Using a matching mapping of PT-RS between interfering transmitters can lower the interference power on PT-RS.
Observation 4 The experienced SINR on PT-RS will be the same or higher than the SINR on the data symbols if spatially multiplexed PT-RS uses only one out of a set of TX ports.
Continuing, the rank of the interference on PT-RS will be lower than the rank of the interference on data resource elements. Hence the multiple set of RX-chains in the receiver can effectively be used for spatial interference suppression techniques and improve estimation quality of the CPE further.

Observation 5 Spatial interference suppression techniques will be important and effective on PT-RS.
From this discussion we see that for PT-RS evaluations in UL MU-MIMO there is a significant difference if we consider two different 8x8 MIMO cases, either we could have 8 UEs with rank 1 or if we could have 2 UEs with rank 4 each, where the second case is much easier for high quality CPE estimation. Hence for dimensioning PT-RS we should limit the number of multiplexed UEs for a fixed number of receiver chains to not over dimension the PT-RS resources. 

In the case of one or a few dominating interferers, knowing the DMRS to PT-RS mapping for the interferers would cater for more effective spatial interference suppression, but potentially also interference cancellation on PT-RS if the interfering PT-RS symbols are known.
Observation 6 Interference suppression/cancellation techniques could be even more effective if the receiver has knowledge about the interfering PT-RS and DMRS and interference is from PT-RS.

In case of uplink reception in MU-MIMO, a significant number of UE can potentially be spatially multiplexed. Each such UE will have independent phase noise, and hence needs separate PT-RS. A concern is hence that the PT-RS overhead in UL can be significant. But from previous observations, and that the receiver in UL knows the DMRS and PT-RS mapping for at least all the users received in the same node, spatial processing can significantly lower the overhead needed for PT-RS. The dimensioning of the PT-RS in uplink is hence strongly dependent upon the number of MU-MIMO users assumed in evaluations in relation to the number of receiver chains used for interference suppression/cancelation. That is, if the receiver is capable of efficiently performing spatial separation of the users.
Observation 7 Dimensioning of PT-RS in UL is strongly dependent upon the number of multiplexed users in relation to the number of receiver RX-chains used for interference suppression/cancelation.
This leads to the fact that in order to agree on PT-RS dimensioning in MU-MIMO, the evaluation assumptions must be agreed upon with respect to the interference suppression/rejection techniques, and the number of receiver chains in relation to the number of PT-RS. From these observations we make the following proposals for PT-RS evaluations in MIMO scenarios.
Proposal 1
Investigate PT-RS overhead reduction options by investigating spatial multiplexing and processing on PT-RS assuming the same resource mapping for interfering PT-RS.
Proposal 2
Investigate the need for and options for maintaining good power density on PT-RS without additional overhead.
Proposal 3
As a baseline assume that spatial interference suppression is used on PT-RS both in UL and DL.
Proposal 4
As a baseline assume that a CPE compensation capable UE has at least 2 receiver chains on orthogonal polarizations.
Proposal 5
As a baseline assume that a BS has at least 2 receiver chains on orthogonal polarizations in SU-MIMO.
Proposal 6
As a baseline assume that a BS has at least 4 times the number of receiver chains than the number of users multiplex in UL MU-MIMO.




3 Conclusion

We in this paper discuss possible PT-RS overhead reduction options. In particular using one out of a multiple DMRS ports for PT-RS in MIMO transmission. Further we note the need to agree on the on the spatial processing on PT-RS to get a common understanding on the needed overhead. In section 2 we made the following observations:
Observation 8 Sending PT-RS over one DMRS port allows the receiver to calculate spatial processing on DMRS and reused this for PT-RS reception.

Observation 9 When using one of a multiple of TX ports the power spectral density on the PT-RS can become lower than other resource elements.

Observation 10 Using a matching mapping of PT-RS between interfering transmitters can lower the interference power on PT-RS.
Observation 11 The experienced SINR will be higher than the SINR on the data symbols for the PT-RS port if spatially multiplexed using one TX port.
Observation 12 Interference suppression techniques will be important and effective on PT-RS.

Observation 13 Interference suppression/cancellation techniques could be even more effective if the receiver has knowledge about the interfering PT-RS and DMRS and interference is from PT-RS.

Observation 14 Dimensioning of PT-RS in UL is strongly dependent upon the number of multiplexed users in relation to the number of receiver RX-chains used for interference suppression/cancelation.

Based on the discussion in Section 2 we propose the following for the PT-RS evaluations:
Proposal 1
Investigate PT-RS overhead reduction options by investigating spatial multiplexing and processing on PT-RS in MIMO using the same resource mapping for interfering PT-RS.

Proposal 2
Investigate the need for and options for maintaining good power density on PT-RS without additional overhead.

Proposal 3
As a baseline assume interference suppression is used on PT-RS both in UL and DL.
Proposal 4
As a baseline assume that a CPE compensation capable UE has at least 2 receiver chains on orthogonal polarizations.
Proposal 5
As a baseline assume that a BS has at least 2 receiver chains on orthogonal polarizations in SU-MIMO.
Proposal 6
As a baseline assume that a BS has at least 4 times the number of receiver chains than the number of users multiplex in MU-MIMO.




4 Appendix

[1] - R1-1612335, “On phase noise effects”, Ericsson.

[2] - R1-1612333, “Design considerations for phase noise tracking RS”, Ericsson.

Agreements:


Companies should use following PN model principles for evaluation of NR for above 6GHz


Phase noise model for UE should be considered for the evaluation by default.


Implementation cost, complexity and power consumption at the UE should be taken into account.


The PN modelling in TRP is FFS.


Realistic PN model should consider total oscillator PSD including the impact of reference clock, loop filter noise and VCO sub-components. (e.g. PLL-based model, multi-pole/zero model)


Each company should provide the model and the parameters used for the evaluation.


The oscillator PSD level increases by 20dB per decade of increase of the carrier frequency as a baseline to scale PSD level


A different parameter set of phase noise model can be defined for specific target frequency.


Companies are encouraged to provide link level evaluation result with the phase noise model. Following phase noise models are provided as examples which are captured in R1-165685 (in page 5 – 8) 


UE model in R1-164041


Proposed WF in R1-165005 


Model A in R1-163984


mmMAGIC high and low model


Other phase noise model is not precluded.


Companies should provide which phase noise model is applied for the evaluation
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