3GPP TSG RAN WG1 NR Ad-Hoc#2


            
                                       R1- 1710777
Qingdao, P.R. China 27th – 30th June 2017
Source:
CMCC

Title:
Discussion on PT-RS design
Agenda Item:
5.1.2.4.4
Document for:
Discussion and Decision
1. Introduction

In RAN1#88bis meeting, the following agreements on phase-tracking reference signal (PT-RS) have been achieved [1]:
Agreements:
· For CP-OFDM, the same PTRS to RE mapping and PTRS densities in time and frequency are available for DL and UL 

· Distributed PTRS (non-consecutive subcarriers) in the frequency domain is used as default configuration

· FFS: Support optional frequency-localized pattern with UE-specific explicit signaling.  (e.g. higher MCS case) 

· For single-user case, support orthogonal multiplexing among PTRS ports, if multiple PTRS antenna ports are supported.
· FFS: how to multiplex multiple PTRS ports, e.g. FDM, TDM, CDM

· FFS: Whether to support multiple PTRS ports or not (FFS: Max number of PTRS APs).
· Support orthogonal multiplexing between PTRS and data transmitted or received by a single UE.
· For MU-MIMO, non-orthogonal multiplexing of e.g. PTRS/PTRS and PTRS/data is possible but also orthogonal multiplexing to be considered

· FFS: Support multiplexing through multiple scrambling sequences for PTRS port(s) 

· Support association between PTRS port and DMRS port group
In the last RAN1#89 meeting, the following agreements on PT-RS have been achieved [2],[3],[4]:

Agreements:
· The RBs containing PTRS can be derived from the scheduled RBs and the associated frequency density
· For a given RB, if present, one PTRS port should be mapped on one subcarrier carrying one or more DMRS ports of the associated DMRS port group

· FFS: to support different subcarriers by complementary option  

· Support non-overlapping between PTRS and CSI-RS

· FFS whether PTRS or CSI-RS should be punctured or shifted on overlapping part if PTRS and CSI-RS are collided

· Support non-overlapping between PTRS and SRS

· FFS whether PTRS or SRS should be punctured or shifted on overlapping part if PTRS and SRS are collided

· FFS: Support non-overlapping between PTRS and SS block

· FFS whether PTRS or SS block should be punctured or shifted on overlapping part if PTRS and SS block are collided

Agreements:
· The frequency density of PTRS is expected to decrease with increasing the scheduled BW (i.e., the number of scheduled RBs)
· FFS: frequency localized mapping

Agreements:
· For DL MU-MIMO, further investigation on orthogonal multiplexing of PT-RS is needed.

· Companies are encouraged to provide simulation results.

· Intra/inter-cell interference. 
In this contribution, first of all, PT-RS design of different local oscillator (LO) configurations in high-frequency systems for both SU-MIMO and MU-MIMO is given. Secondly, localized PT-RS mapping is analyzed. Finally, the relationship between PT-RS and other RS (i.e., DMRS, CSI-RS, SRS, SS block) is studied.
2. PT-RS design of different local oscillator (LO) configurations in high-frequency systems for SU-MIMO and MU-MIMO
For high frequency systems, massive MIMO is adopted to perform beamforming in order to compensate for the high path loss. Hybrid RF/analog + digital beamforming instead of full digital beamforming is proposed in high frequency bands, both at the base station and UE side, as a promising and practical architecture for optimal tradeoff between cost and performance. However, even hybrid RF architecture requires multiple RF channels to support multi-layer/multi-user transmission, where different LO configurations that are adopted to complete up/down frequency conversion in different scenarios may affect the PT-RS design.
There are generally three LO configurations for high-frequency communication systems:
· Case 1: For all panels, a single high-frequency LO signal is generated centrally and distributes it throughout all the RF channels/antenna elements, as shown in Fig.1.
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Fig.1. LO configuration for Case 1
For Case 1, there is only a single phase noise process generated across all panels. 
· For SU-MIMO transmission, since phase noise estimation result can be shared among layers, only a single PT-RS port is enough to track this single phase noise process (note that each PTRS port aims to estimate the phase variation incurred by an independent LO). This single PT-RS port could be transmitted on a single layer or multi layer. If the single PT-RS port is transmitted on a single layer, the corresponding REs on other layers can either be nulled (no interference to PT-RS port) or can be used to transmit data (will produce interference to PT-RS port). If the single PT-RS port is transmitted on multi-layers, the REs used to map PT-RS on these layers need not to be orthogonal, e.g., they can be identical to each other. 
· For MU-MIMO transmission, since phase noise estimation result cannot be shared among UEs, even though there is only a single phase noise process, a single PT-RS port is required for each UE. Furthermore, in order to avoid interference among UEs, the PT-RS ports among UEs should be orthogonal (FDM or CDM, it is noted that TDM is not considered here because if PTRS is continuous in the time domain, TDM is not possible). However, if perfect space division multiplexing among UEs can be achieved by using beamforming, non-orthogonal multiplexing of PTRS/PTRS among UEs maybe supported. 
·  Proposal 1: For Case 1 SU-MIMO transmission, consider to support non-orthogonal multiplexing of PTRS/PTRS among layers, e.g., PT-RS can be transmitted on only one layer. 
· Proposal 2: For Case 1 MU-MIMO transmission, support orthogonal multiplexing of PTRS/PTRS among UEs, i.e., PT-RS should be orthogonally transmitted on each layer. Non-orthogonal multiplexing of PTRS/PTRS among UEs is FFS. The specification impact of PT-RS in MU-MIMO is FFS.
· Case 2:   All the RF channels/antenna elements/panels share one single low-frequency reference signal as Case 1, but separate PLLs + VCOs are used to independently generated high-frequency LO signals for each panel, as shown in Fig.2.
For Case 2, a single phase noise process is generated for each panel. However, some kind of correlations may exist among those phase noise processes since a shared low-frequency reference signal is adopted. Genie phase noise estimation and compensation schemes may take advantages of such phase noise characteristic to facilitate and simplify PT-RS design. 
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Fig.2. LO configuration for Case 2
· For SU-MIMO transmission, if only a single panel is adopted, the scenario is the same as Case 1 SU-MIMO transmission. If multi panel is adopted, a single PT-RS port is required for each panel. However, considering that some kind of correlations may exist among those phase noise processes, these PT-RS ports for multiple panels may not strictly orthogonal. 
· For MU-MIMO transmission, if only a single panel is adopted, the scenario is the same as Case 1 MU-MIMO transmission. If multi panel is adopted and each panel is used to support one UE, even though some kind of correlations may exist among those phase noise processes, phase noise estimation result cannot be shared among UEs. Therefore, in order to avoid interference among UEs, the PT-RS ports among UEs should be orthogonal, i.e., transmitted on each layer, FFS FDM or CDM.
· Proposal 3: For Case 2 SU-MIMO transmission, consider to support non-orthogonal multiplexing of PTRS/PTRS among layers.
· Proposal 4: For Case 2 MU-MIMO transmission, support orthogonal multiplexing of PTRS/PTRS among UEs. Non-orthogonal multiplexing of PTRS/PTRS among UEs is FFS. The spec impact due to MU-MIMO is FFS.
· Case 3: Each panel uses its own low-frequency reference signal + PLL + VCO to generate its own high-frequency LO signal, as shown in Fig.3.
For Case 3, a single phase noise process is generated for each panel and these phase noise processes among panels are completely independent.
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Fig.3. LO configuration for Case 3
· For SU-MIMO transmission, if only a single panel is adopted, the scenario is the same as Case 1 SU-MIMO transmission. If multi panel is adopted, a single PT-RS port is required for each panel. These PT-RS ports should be orthogonal to avoid interference. 
· For MU-MIMO transmission, no matter single panel or multi panel is adopted, since phase noise processes among panels are completely independent, The PT-RS ports among UEs should be orthogonal to avoid interference (FDM or CDM). The PT-RS due to multiple panels should be orthogonal as well.
· Proposal 5: For Case 3 SU-MIMO transmission, if only a single panel is adopted, consider to support non-orthogonal multiplexing of PTRS/PTRS among layers. If multi panel is adopted, support orthogonal multiplexing of PTRS/PTRS among layers.
· Proposal 6: For Case 3 MU-MIMO transmission, support orthogonal multiplexing of PTRS/PTRS among UEs. Non-orthogonal multiplexing of PTRS/PTRS among UEs is FFS. The spec impact due to MU-MIMO is FFS.
In summary, for the above-mentioned three Cases, the following proposals can be achieved:
· Proposal 7: For DL CP-OFDM SU-MIMO transmission, consider to transmit PT-RS only on one spatial layer (non-orthogonal PT-RS). For DL CP-OFDM MU-MIMO transmission, PT-RS is transmitted on each spatial layer (orthogonal PT-RS). Non-orthogonal multiplexing of PTRS among UEs is FFS. The spec impact due to MU-MIMO is FFS.
· Proposal 8: For Case 1, one PT-RS port per UE is supported. For Case 3, the number of PT-RS port per UE equals to the number of independent LO associated with the UE. For Case 2, the number of PT-RS port per UE maybe in between Case 1 and Case 3 (depending on specific phase noise estimation and compensation algorithm), and non-orthogonal multiplexing of PT-RS between different layers can be considered.
3. Localized PT-RS mapping
Although distributed PT-RS mapping has been agreed as the default setting, localized PT-RS mapping also finds its use cases. The advantages of localized PT-RS mapping is as follows:
·  Faciliate ICI cancellation.

          The effect of phase noise on OFDM-based systems is its induced common phase error (CPE) and inter-carrier interference (ICI). The received signal on the k-th subcarrier affected by phase noise can be expressed as:
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PT-RS is mainly used to estimate CPE in Equ. (1). However, PT-RS can be also used to estimate ICI in order to further improve the performance (note that ICI can be also come from high Doppler spread), if ICI-cancellation algorithms are supported at the receiver. Considering the fact that ICI mainly comes from its neighboring or the closest adjacent subcarriers of one targeting subcarrier, PT-RS should be localized to cancel the most prominent interferences, i.e., the interferences come from the closest adjacent subcarriers.
·  Faciliate CDM-based PT-RS ports multiplexing in the frequency domain. 

          In high frequency system, Line of Sight (LoS) dominates the transmission with just a few reflection paths, which means the delay spread will be much smaller than that of low frequency transmission. Therefore, it can be assumed that the coherence bandwidth will become larger than that of the low frequency. If multiple PT-RS ports need to be transmitted, e.g., in multiple LO cases, these PT-RS ports can be CDMed or FDMed (TDM is not considered here because if PTRS is continuous in the time domain, TDM is not possible). With frequency localized PT-RS mapping, two or more PT-RS ports can be easily divided by de-spreading orthogonal code, compared with the case of frequency distributed PT-RS mapping, two or more PT-RS ports are FDMed which requires larger overhead. 
·  Protect PT-RS from other UE’s interference or protect data from other UE’s interference if PT-RS is localized in the middle of the scheduled bandwidth or is localized at the edges of the shceduled bandwidth, respectively. 
                As mentioned above, ICI mainly comes from neighboring subcarriers. The further a subcarrier is, the less it affects a targeting subcarrier. Therefore, when multi-users are scheduled, putting PT-RS in the middle of the scheduled bandwidth can protect it from neighboring UEs’ interferences, and the same reason is ture if data is to be protected. 
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Fig.4. Example: Frequency distributed PT-RS mapping Vs Frequency localized PT-RS mapping 
· Proposal 9: Complementary to frequency distributed mapping, frequency localized PT-RS mapping should be supported and it should be configurable.
4. Study on the collision between PT-RS with other RS
· The collision between PT-RS with DMRS
There has been an agreement that association between one PTRS port and one DMRS port per DMRS port group is supported, and that UE can assume same precoding for a DM-RS port and a PT-RS port. Therefore, considering that the channel a PT-RS port transmitted through is at least the same as that of one DMRS port, PT-RS can be omitted if PT-RS and the associated DMRS are collided with each other because DMRS can be also used to track the phase variation.
· Proposal 10: If PT-RS and the associated DMRS are collided with each other, PT-RS should be punctured on overlapping part.
· The collision between PT-RS with CSI-RS

                CSI-RS is being considered for multiple use cases in NR. In particular, CSI-RS has been agreed or identified to support the following functionalities: CSI acquisition, beam management, connected mode L3 mobility, fine time/frequency tracking: UL power control, radio link monitoring. No matter which case is considered, the following common characteristic is the same: 
·   Data needs to be rate matched around CSI-RS. However, CPE cannot be obtained from CSI-RS. The reason is that, according to Equ. (1), CPE and the channel H are coupled with each other and H should be the same or at least slow-varying for PT-RS to only track the CPE variation. However, the channel H is different between PDSCH and CSI-RS, and hence the CPE would be different between PDSCH and CSI-RS.  Therefore, PT-RS should be shifted on overlapping part if PT-RS and CSI-RS are collided with each other, as shown in Fig. 5.
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Fig.5. PT-RS is shifted if PT-RS and CSI-RS are collided with each other
· Proposal 11: If PT-RS and CSI-RS are collided with each other, PT-RS should be shifted in frequency domain on overlapping part. Furthermore, PT-RS (using the same precoding as CSI-RS) may be needed for CSI-RS spanning over multiple symbols to correct phase differences between CSI-RS ports.
· The collision between PT-RS with SRS

One important function of SRS is to use channel reciprocity to assist downlink beamforming. Multiple SRS ports can be transmitted on multiple symbols as CSI-RS. It is also not clear whether SRS and PT-RS may use the same precoding or not. Therefore, at least for CSI acquisition purpose, the purpose of SRS is basically the same as CSI-RS except that it is for the uplink while CSI-RS is for the downlink. In this case, the analysis obtained from CSI-RS may be applied directly to the SRS case.
· Proposal 12: If PT-RS and SRS are collided with each other, PT-RS should be shifted in frequency domain on overlapping part. Furthermore, PT-RS (using the same precoding as SRS) may be needed for SRS spanning over multiple symbols to correct phase differences between SRS ports.
· The collision between PT-RS with SS block

       One SS block consists of several PSS, SSS and PBCH symbols. The detection method of PSS and SSS is mainly through correlation algorithms. The modulation order of PBCH is only QPSK and it must be able to be detected under very low SNR region. Therefore, PSS, SSS and PBCH may not be sensitive to phase error or to put it another way, phase error is not the most prominent impairment that must be tackled for PSS, SSS and PBCH. Furthermore, SS block and PT-RS may not use the same precoding and hence the function of SS block/PT-RS cannot replace the function of PT-RS/SS block because they may undergo different channel conditions.  
· Proposal 13: If PT-RS and SS block are collided with each other, PT-RS should be shifted on overlapping part. 
5. Conclusions
In this contribution, CMCC’s consideration of PT-RS design for high frequency systems is presented. The following proposals are achieved:
· For PT-RS design of different local oscillator (LO) configurations in high-frequency systems for SU-MIMO and MU-MIMO, the following proposals are achieved: 
· Proposal 1: For Case 1 SU-MIMO transmission, consider to support non-orthogonal multiplexing of PTRS/PTRS among layers, e.g., PT-RS can be transmitted on only one layer.
· Proposal 2: For Case 1 MU-MIMO transmission, support orthogonal multiplexing of PTRS/PTRS among UEs, i.e., PT-RS should be orthogonally transmitted on each layer. Non-orthogonal multiplexing of PTRS/PTRS among UEs is FFS. The specification impact of PT-RS in MU-MIMO is FFS. 
· Proposal 3: For Case 2 SU-MIMO transmission, consider to support non-orthogonal multiplexing of PTRS/PTRS among layers.
· Proposal 4: For Case 2 MU-MIMO transmission, support orthogonal multiplexing of PTRS/PTRS among UEs. Non-orthogonal multiplexing of PTRS/PTRS among UEs is FFS. The spec impact due to MU-MIMO is FFS.
· Proposal 5: For Case 3 SU-MIMO transmission, if only a single panel is adopted, consider to support non-orthogonal multiplexing of PTRS/PTRS among layers. If multi panel is adopted, support orthogonal multiplexing of PTRS/PTRS among layers.
· Proposal 6: For Case 3 MU-MIMO transmission, support orthogonal multiplexing of PTRS/PTRS among UEs. Non-orthogonal multiplexing of PTRS/PTRS among UEs is FFS. The spec impact due to MU-MIMO is FFS.
· Proposal 7: For DL CP-OFDM SU-MIMO transmission, consider to transmit PT-RS only on one spatial layer (non-orthogonal PT-RS). For DL CP-OFDM MU-MIMO transmission, PT-RS is transmitted on each spatial layer (orthogonal PT-RS). Non-orthogonal multiplexing of PTRS among UEs is FFS. The spec impact due to MU-MIMO is FFS.
· Proposal 8: For Case 1, one PT-RS port per UE is supported. For Case 3, the number of PT-RS port per UE equals to the number of independent LO associated with the UE. For Case 2, the number of PT-RS port per UE maybe in between Case 1 and Case 3 (depending on specific phase noise estimation and compensation algorithm), and non-orthogonal multiplexing of PT-RS between different layers can be considered.
· For localized PT-RS mapping, the following proposal is achieved: 
· Proposal 9: Complementary to frequency distributed mapping, frequency localized PT-RS mapping should be supported and it should be configurable.
· For handling the collision between PT-RS and other RS, the following proposals are achieved:
·  Proposal 10: If PT-RS and the associated DMRS are collided with each other, PT-RS should be punctured on overlapping part.
· Proposal 11: If PT-RS and CSI-RS are collided with each other, PT-RS should be shifted in frequency domain on overlapping part. Furthermore, PT-RS (using the same precoding as CSI-RS) may be needed for CSI-RS spanning over multiple symbols to correct phase differences between CSI-RS ports.
· Proposal 12: If PT-RS and SRS are collided with each other, PT-RS should be shifted in frequency domain on overlapping part. Furthermore, PT-RS (using the same precoding as SRS) may be needed for SRS spanning over multiple symbols to correct phase differences between SRS ports.
· Proposal 13: If PT-RS and SS block are collided with each other, PT-RS should be shifted on overlapping part. 
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