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Introduction
[bookmark: _Ref378529477]In RAN #80, a new study item on Physical layer enhancements for NR URLLC was approved.  The objective of the study item is to investigate different URLLC L1 improvements to further improve reliability/latency. In the RAN1#95 meeting, the following agreements were made.
Agreements:
· Multiple PUCCHs for HARQ-ACK within a slot should be supported in R16.
[bookmark: _GoBack]In this contribution, we provide detailed analysis of DMRS based CSI estimation for URLLC.
Fast CSI Computation Using DMRS
NR Release 15 supports two BLER thresholds (10-1, 10-5) for CQI reporting. The second threshold improves the reliability of URLLC. However, NR release 15 supports CSI estimation using CSI-RS and reporting using a dedicated PUCCH/PUSCH resources for CSI reporting.  Note that in practice CSI-RS is transmitted periodically (say for every 5 slots) and CSI is reported periodically with a period say 5 slots (for periodic and semi-persistent reporting).  In our view the conventional procedure for CSI estimation and reporting is very inefficient for accurate CSI and delay sensitive applications such as NR-URLLC. Hence we propose to use DM-RS based CSI estimation. Note that DMRS is transmitted along with PDSCH and uses the same precoding as that of PDSCH.  

Another drawback with conventional CSI-RS (only) based technique is that with target BLER of 10-5, small variations in the channel causes significant BLER. This is because, the BLER curves are very steep around BLER of 10-5 compared to the BLER targets of 10-1. Hence we need an accurate CSI with these low BLER targets. 
Motivation for DMRS based CSI Estimation:
Figure 1 and 2 show a  snapshot of RI reported using conventional CSI-RS based CSI estimation for 2 and 4 CSI-RS ports with 2 and 4 receiving antennas, respectively. Since the rank information (second order statistics) is computed over the whole wideband, RI does not change instantaneously. This means that if, for example, the network schedules the UE with a certain number of layers at time T1, it is unlikely that the number of layers changes significantly for the next scheduling  interval T2 = T1+ 1, 2.. n.  
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Figure 1 Snapshot of RI reported with 2 CSI-RS ports
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Figure 2 Snapshot of RI reported with 4 CSI-RS ports
Figure 3 and 4 shows the PMI reported using conventional CSI-RS based CSI estimation for 2 and 4 CSI-RS ports with 2 and 4 receiving antennas respectively. Similar to RI, in this case also the PMI reported is almost constant over a period of time. Hence we can conclude that if the UE can estimate the SINR on the scheduled rank and scheduled PMI (via precoded DMRS), the SINR variation is not significant. There are many benefits of such a scheme such as reduced CSI reporting delay, reduced number of resources for PUCCH, reduced CSI-RS transmissions etc. We will explain the detailed procedure in the next subsections.
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Figure 3 Snapshot of PMI reported with 2 CSI-RS ports
[image: ]
Figure 4 Snapshot of PMII reported with 4 CSI-RS ports

Observation 1: Since the RI and PMI do not change significantly over a period of time, the UE can estimate the channel and the SINR using precoded DMRS and can report the CSI along with HARQ-ACK of the current transmission.   

Details of DMRS based CSI computation
Figure 5 shows the message sequence chart for DMRS based CSI computation. Note that for our method to work, we need CSI-RS transmission albeit less frequently for estimating the complete CSI. During the muting period of CSI-RS, the UE can estimate the SINR using DMRS and feedback the CSI to the network.

[image: ]
Figure 5 Message sequence chart using DMRS based CSI estimation

Note that with DMRS based CSI estimation the UE can estimate CQI, LI. Assuming wideband PDSCH transmission, Table 1 shows the possible CSI reporting entries using DMRS based CSI estimation.

Table 1 Possible CSI entries using DMRS based CSI estimation
	PMI-FormatIndicator=widebandPMI and CQI-FormatIndicator=widebandCQI
	PMI-FormatIndicator= subbandPMI or CQI-FormatIndicator=subbandCQI

	
	CSI Part I
	CSI Part II

	
	
	wideband
	Subband

	· CRI 
	· CRI
	· Wideband CQI for the second TB
	· Subband differential CQI for the second TB of all even subbands

	· Rank Indicator 
	· Rank Indicator
	· PMI  wideband (X1 and X2)
	· 
PMI subband information fields  of all even subbands

	· Layer Indicator 
	· Layer Indicator
	---------
	· Subband differential CQI for the second TB of all odd subbands

	· PMI  wideband (X1 and X2)
	· Wideband CQI for the first TB
	---------
	· 
PMI subband information fields  of all odd subbands

	· Wideband CQI 
	· Subband differential CQI for the first TB
	---------
	---------



Where  indicates that the configuration is not possible with DMRS based CSI estimation.

Simulation Results with DMRS based CSI Computation
To check the benefits of DMRS based CSI estimation, we performed link simulations with 4 CSI-RS ports and 4 receiving antennas.  Figure 6 shows the spectral efficiency as a function of SINR for two schemes namely CSI estimation using CSI-RS only and the other CSI estimation using DMRS+CSI-RS. Note that in this case, the spectral efficiency is computed as 

Spectral efficiency = TBS*(1-BLER)/(T*BW)
Where, TBS is the transport block size in bits, BLER is the block error rate, T is the time duration of one subframe, and BW is the actual bandwidth. The link level simulation assumptions are shown in Table 2.
We consider 4 port MIMO configurations with single codeword with link adaptation. In our simulations, the feedback is assumed to have 5 slot delay and is assumed to be error free. Similarly, we assumed CSI-RS is transmitted for every 5 slots. Simulations are run for a UE with different SNRs and the wireless channel assumed is TDL-A channel. The velocity of the mobile is assumed to be 3 Kmph.  

Table 2 Link Level simulation assumptions
	Parameter
	Value

	Carrier frequency for evaluation
	2GHz

	Slot length
	1 msec

	Channel model
	TDL-A as in 38.901

	UE speed
	3 km/h

	BS TX antenna configuration
	4 TX ports

	UE RX antenna configuration
	4 RX ports 

	System bandwidth
	10 MHz, with 10 RBs are scheduled for transmission

	Sub-carrier spacing
	15 kHz

	Number of UEs
	1 UE 

	Channel estimation
	Practical

	Receiver type
	MMSE

	DMRS configuration
	Type 1 with single symbol front loaded

	CSI-RS configuration
	CDM in frequency

	CQI/MCS
	Link adaptation with QPSK, 16 QAM and 64 QAM

	CSI Reporting period
	5msec

	CSI-RS periodicity
	5 msec

	FEC
	LDPC code with 25 decoding iterations

	Precoding codebook
	NR Release 15



 
It can be observed from Figure 6 that DMRS+CSI-RS based CSI estimation outperforms at all SINRs. This is because the UE is feeding back the accurate CSI at no additional overhead. 
[image: ]
Figure 6 Spectral efficiency comparison between DMRS based CSI estimation and conventional CSI estimation

Note that in our simulations for Figure 6 we used 5 msec reporting period for both CSI-RS transmission and CSI reporting. However with this DMRS based technique, we can relax that constraint and the gains with higher reporting periods are significant.  Figures 7 and 8 shows the performance benefits with the proposed schemes when CSI-RS is transmitted every 10 msec and 20 msec, respectively.  It can be observed that the gains are more considerable for larger CSI transmission and reporting. We thus propose that RAN1 should study DMRS based CSI computation for fast CSI computation and reporting.

[image: ]
Figure 7 Spectral efficiency comparison between DMRS based CSI estimation and conventional CSI estimation with transmission and reporting period is set to 10 slots
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Figure 8 Spectral efficiency comparison between DMRS based CSI estimation and conventional CSI estimation with transmission and reporting period is set to 20 slots
Proposal 1:  RAN1 should study enhanced CSI estimation techniques using DMRS for fast CSI estimation and reporting as with very low BLER targets the accuracy of CSI is very low
Enhanced HARQ Reporting with DMRS based CSI estimation 
Main Principle
In Release 15, HARQ is conveyed using PUCCH format 0-4. Formats 0 and 1 can convey information up to 2 bits. However with DMRS based CSI estimation, we can envision that format 0 and 1 can support more than 2 bits. As an example, consider PUCCH format 0. Since only ZC sequences with different phase shifts (m_cs) are used to differentiate between HARQ possibilities, we propose that RAN1 should study enhanced HARQ mechanisms such that different sequences can indicate HARQ+CSI information.  For example let’s say the HARQ is combined with differential CQI (say WB) and let’s define the offset level as
Offset level (s) = CQI index computed using CSI-RS –CQI index computed using DM-RS
Then we can use the following table as an example to report both HARQ-ACK and differential CQI.
Note that with the proposed scheme the signalling overhead for reporting the CQI is zero, i.e. we are reusing the NR Release 15 framework to report HARQ. In the next section, we analyse the probability of misdetection due to the multiplexing of HARQ-ACK+CSI.

Table 3: Proposed Mapping of HARQ-ACK and CQI to offset level with DMRS based CSI estimation
	Sequence
	HARQ-ACK
	Offset level

	Sequence1 (m_cs= 0)
	ACK
	0

	Sequence2 (m_cs= 2 )
	ACK
	1

	Sequence3(m_cs=4)
	ACK
	≥ 2

	Sequence4(m_cs =1)
	ACK
	≤-1

	Sequence5(mcs= 5)
	NAK
	0

	Sequence6(m_cs =7)
	NAK
	1

	Sequence7(m_cs =9)
	NAK
	≥ 2

	Sequence8(m_cs=8)
	NAK
	≤-1



Simulation Results
To check the performance impact of using more sequences for sending CSI (say differential CQI), we did link simulations with PUCCH format 0.  As a performance metric we used probability of misdetection of HARQ-ACK i.e. the first entry in Table 3. At the receiver we used non coherent maximum likelihood detection.  The link simulation assumptions are shown in Table 4. It can be observed that with 4 and 8 sequences the impact of probability of misdetection is very minimal.
[image: ]
Figure 9  Probability of HARQ-ACK misdetection with 16 Receiver antennas


Table 4 Link simulations for HARQ-ACK performance
	Assumptions 
	Value 

	Carrier frequency
	2 GHz  

	System Bandwidth 
	10 MHz 

	Slot length 
	1 ms

	Subcarrier spacing 
	Single numerology case: 15KHz

	FFT size 
	1024 for 15KHz subcarrier spacing

	Channel model
	TDL-A, 3 Kmph

	Antenna  config.
	1T NR, where N is 4,16

	Channel estimation 
	MMSE 

	PUCCH Format
	0



Figure 10 shows the probability of misdetection with 4 receiver antennas. In this case too, we observed the performance impact is very minimal if we increase the number of sequences to 4 or 8.
[image: ]
Figure 10 Probability of HARQ-ACK misdetection with 4 Receiver antennas
Based on above observations, we recommend RAN1 to study techniques to multiplex HARQ-ACK with differential CQI for DMRS based CSI estimation. 
Proposal 2:  RAN1 should study mechanism to multiplex HARQ-ACK with CSI for DMRS based CSI estimation for PUCCH formats 0 and 1
[bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]Conclusions
In this contribution we described our views on Physical layer enhancements for NR URLLC.
[bookmark: _Ref450342757]Based on our observations, we have the following proposal:
Proposal 1:  RAN1 should study enhanced CSI estimation techniques using DMRS for fast CSI estimation and reporting as with very low BLER targets the accuracy of CSI is very low

Proposal 2:  RAN1 should study mechanism to multiplex HARQ-ACK with CSI for DMRS based CSI estimation for PUCCH formats 0 and 1


1/12
image3.emf
Snapshot of PMI at SNR10dB

0 100 200 300 400 500 600 700 800 900 1000

Slot Number

0

1

2

3

4

5

6

P

M

I


image4.emf
Snapshot of PMI at SNR20dB
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Snapshot of RI distribution at SNR10dB
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Snapshot of RI distribution at SNR20dB
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