
Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG-RAN WG1 #87	R1-1612257
Reno, Nevada, November 14 – 18, 2016

Source:	Xinwei
Title:	Discussion on RS Design and QCL Related Issues
Agenda Item:	7.1.3.2
Document for:	Discussion and Decision
Introduction
In this contribution, we discuss NR RS design and QCL related issues.
DL Reference Signals 
In RAN1 #86b, the following agreements are achieved  
Agreements:
· Study variable/configurable DL/UL RS pattern for demodulation 
· For data channel and control channel
· At least density can be configurable
· FFS: other configurability
· The applicable scenarios need to be studied
· Study multi-set DL/UL RS for control and/or data demodulation 
· The first set is front-loaded (i.e. loaded in the front of RB) 
· Other set(s) can be configured for different purposes
· Details FFS (e.g. higher frequency/time density, Rx beam detection, RSRP/CSI-reporting, phase noise compensation)

The following terminologies are defined
Agreements:
· At least the following RSs are supported for NR downlink
· CSI-RS: Reference signal with main functionalities of CSI acquisition, beam management
· FFS: RRM measurement 
· DM-RS: Reference signal with main functionalities of data and control demodulation
· FFS: channel state information estimation and interference estimation
· FFS: beam management
· Reference signal for phase tracking
· FFS: Whether DM-RS extension can be applied or not
· FFS whether new RS or RS for other functionalities can be used
· Reference signal for time/freq. tracking
· FFS whether new RS or RS for other functionalities can be used
· Reference signal for Radio link monitoring
· FFS whether new RS or RS for other functionalities can be used
· RS for RRM measurement
· FFS whether new RS or RS for other functionalities can be used

In our understanding, NR should support variable/configurable DL/UL RS pattern for demodulation. In fact the multi-set DL/UL RS for control and/or data demodulation should be viewed as a kind of configurable RS. But this kind of configurability should be carefully designed. PDCCH should be robust enough for various applications and should support dynamic configurable framework. If demodulation RS for PDCCH is configurable, then there might be misalignment between UE and gNB on what kind of RS PDCCH is using. But if multi-stage PDCCH is used, then it is possible for the first stage PDCCH to use fixed RS pattern (front-loaded first set) and the second stage PDCCH to use variable/configurable DL/UL RS.
Due to the fact that PDCCH and PDSCH may not use the same beam, they could not use the same DM-RS. Thus the above multi-set RS is independently configurable for control and/or data.  
PDCCH demodulation RS could only be designed as configurable when multi-stage PDCCH is supported.  
Multi-set RS should be independently configurable for control and/or data if supported.  
The terminology defined in RAN1 #86b includes CSI-RS, DM-RS, RS used for phase tracking, RS for time/freq. tracking, RS for Radio link monitoring and RS for RRM measurement. 
· RS for phase tracking: through configurable multi-set DM-RS, RS for phase tracking could be viewed as a component set of DMRS. The main purpose of RS for phase tracking is for demodulation. Thus there is no need to define independent RS for phase tracking;
· RS for time/freq. tracking: For high frequency, the demodulation performance may be degraded due to higher dopler offset; Through configurable multi-set RS, it is also possible to configure RS density to solve this problem. 
· RS for radio link monitoring: in our companion contribution, PDCCH uses the beam gained initial access. It is believed that with this information a robust control channel could be constructed. Radio link quality could be guaranteed with such robust control channel. Mobility related measurement would be enough for radio link monitoring. Thus RS for RRM measurement could also be used for radio link monitoring. 
· RS for RRM measurement: RS in SS block could be used for this purpose; UE specifically configured CSI-RS could also be used for this; 
RS for phase tracking, RS for time/freq tracking, RS for radio link monitoring and RS for RRM measurement should reuse CSI-RS, configurable multi-set DMRS and RS in SS block.  
For the case of TDD system, due to the existence of analog beam, it may not fully utilize channel reciprocity. Thus even for TDD, reference signal for beam training is still needed. 
It is necessary for NR TDD to support CSI-RS for beam management.
The targeting verticals for NR is includes eMBB, mMTC and URLLC. CSI acquisition should satisfy the needs of these verticals. Especially in URLLC, it needs CSI-RS and corresponding report self-contained in a slot. Thus CSI-RS may also be front loaded. But considering the fact that aperiodic CSI-RS may need to be triggered by PDCCH, it should not be within the area of PDCCH blind decoding. We discussed above that multi-set DMRS is independently configured for data and control. The multi-set RS for data includes a default part of front loaded RS. CSI-RS should be in the similar area.
It is necessary for NR TDD to support front loaded CSI-RS for report in the same slot. 
The front loaded CSI-RS should not overlap with the PDCCH blind decoding area.


UL Reference Signals 
In RAN1 #86b, the following RS are agreed to be supported for NR.
Agreements:
· At least the following RSs are supported for NR uplink
· SRS: Reference signal with main functionalities of CSI acquisition, beam management
· FFS: RRM measurement
· DM-RS: Reference signal with main functionalities of data and control demodulation
· FFS: beam management
· Reference signal for phase tracking
· FFS: Whether DM-RS extension can be applied or not
· FFS whether new RS or RS for other functionalities can be used
· FFS: Reference signal for RRM measurement
· FFS whether new RS or RS for other functionalities can be used

SRS should be the main signal for uplink beam management and CSI acquisition. UL beam management could leverage beam reciprocity between DL and UL. UE would maintain the best Rx beam for each received Tx beam. When the UE is indicated to transmit UL SRS signal, UE could select a beam range around the DL Rx beam to transmit. eNB would use the beam (which is indicated to UE in UL SRS triggering) or a beam range around the beam to receive the UL SRS. Due to large amount of analog beams, a hierarchical SRS measurement structure should be supported for UL beam training and channel state measurement. Macro level could be used mainly for beam training with very sparse reference signal in frequency domain while micro level mainly used for channel state measurement with required density.
Hierarchical UL SRS structure is supported, with macro level targeting beam training and micro level targeting channel state measurement. 
Note that SRS samples may not be evenly spread in frequency domain. If similar ZC sequences in LTE are used in NR, evenly spread SRS in frequency domain with very low density may reduce its multiplexing ability with other cyclic shifted SRS sequence. UL SRS for beam training may just be bandwidth limited.   
Macro SRS could reduce its frequency domain samples for overhead reduction. Techniques like compressive sensing could also be used in UL beam training.  
UL DMRS should also support multi-set configuration. It could be indicated in UL grant on how to aggregate multiple UL RS sets with different patterns. DM-RS pattern should be under full control of gNB and depends on specific scenarios. Reference signal for phase tracking should be viewed as a component set that could be aggregated into the multi-set. 
UL DMRS should also support aggregation through multiple sets and includes RS for phase tracking.  
RS for RRM measurement may be needed in uplink for specific application scenarios. For UE in connected mode, it could just reuse SRS signals while for UE in idle mode signals like PRACH preamble may be needed by the network to track the mobility of UE.
QCL Issues
QCL is one of the most discussed topic in NR MIMO. The following agreements are achieved.
Agreements:
· QCL framework in NR is extended with new spatial QCL parameter(s) to support UE side beamforming/receiving procedure
· FFS details (e.g., receive angle of arrival, transmit angle of departure, spatial correlation of receiver antennas, Rx/Tx beamforming, etc.)
· For DM-RS antenna ports, NR supports:
· All ports are QCL-ed
· Not all ports are QCL-ed
· FFS on details

The reason to extend current QCL parameters is that for two RS resources/ports that are correlated through QCL may indicate that the two beams are transmitted through the same Tx beam or could be received with the same Rx beam. Typically, QCL parameter are average gain, delay spread, Doppler spread are all statistical average at the receiver side. Thus we believe for the above novel QCL parameters, it is more appropriate to introduce average angle of arrival. Spatial correlation of receiver antennas may not be a proper statistical parameter since for similar angular spread, spatial correlation might be the same while the actual Rx beam would be completely different.
Average Rx angle of arrival should be introduced as a novel spatial QCL parameter.  
Conclusions
Based on the discussion in this contribution we propose the following:
Proposal 1		PDCCH demodulation RS could only be designed as configurable when multi-stage PDCCH is supported.  
Proposal 2			Multi-set RS should be independently configurable for control and/or data if supported. 
Proposal 3		RS for phase tracking, RS for time/freq tracking, RS for radio link monitoring and RS for RRM measurement should reuse CSI-RS, configurable multi-set DMRS and RS in SS block.  
Proposal 4		It is necessary for NR TDD to support CSI-RS for beam management.
Proposal 5		It is necessary for NR TDD to support front loaded CSI-RS for report in the same slot. 
Proposal 6		The front loaded CSI-RS should not overlap with the PDCCH blind decoding area.
Proposal 7		Hierarchical UL SRS structure is supported, with macro level targeting beam training and micro level targeting channel state measurement. 
Proposal 8		Macro SRS could reduce its frequency domain samples for overhead reduction. Techniques like compressive sensing could also be used in UL beam training. 
Proposal 9		UL DMRS should also support aggregation through multiple sets and includes RS for phase tracking.  
Proposal 10		Average Rx angle of arrival should be introduced as a novel spatial QCL parameter.  
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