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Introduction
This contribution provides our views on potential content for an NR coverage enhancement work item. 
Discussion
[bookmark: _Ref57637522]Overview of the scope of the WID and potential objectives
An enormous number of coverage solutions have been proposed within the NR coverage enhancement study. The study item technical report 38.830 contains 19 different categories of solutions for PUSCH, PUCCH, and channels other than PUSCH or PUCCH, where each category can carry multiple solutions. It was difficult during the course of the study to narrow down to a set of solutions suitable for specification within the expected work item time constraints, and so the task must be completed during work item discussions.  
Three PUSCH enhancement items were recommended for specification at the conclusion of the coverage enhancement study. While no recommendation was agreed for PUCCH or ‘other’ channel enhancement, two enhancements seem suitable for each of these categories. In our view, 3 or 4 objectives can be down-selected from the following potential objectives:
· Specification of PUSCH enhancements
· one of two options for enhancements on PUSCH repetition type A
· Option 1: Increasing the maximum number of repetitions, e.g., up to 32.
· Option 2: The number of repetitions counted on the basis of available UL slots.
· TB processing over multi-slot PUSCH
· TBS determined based on multiple slots and transmitted over multiple integer slots using Rel-15/16 DMRS and slot structure.
· Joint channel estimation over multiple PUSCH transmissions
· Specification of PUCCH enhancements
· dynamic PUCCH repetition factor indication
· DMRS bundling across PUCCH repetitions
· Specification of other enhancements:
· Msg3 PUSCH repetition
· A-CSI on PUCCH/PUSCH with repetition
For the overall scope of this WID, assuming that it has only 2 TUs, in our view, 3 or 4 objectives is appropriate. There are already 3 recommended PUSCH enhancements from the TR, so if 4 are specified, then enhancements for PUCCH or the ‘other’ channels will be excluded. We are open to not including multi-slot TBS given its synergy with sub-PRB transmission (which is in our view not suitable for the work item, as discussed in more detail in section 2.2.1). There could then be 4 enhancements with 2 for PUSCH and 1 each for PUCCH and ‘others’. On the other hand, we are also OK with specifying an enhancement for one of the PUCCH or ‘others’ and keeping the recommended 3 PUSCH enhancements.
Observations:
· An enormous number of solutions (19 categories, each with multiple techniques) have been discussed in the coverage study item phase in RAN1. While solutions were winnowed during the study, further discussion is needed to identify a set of objectives suitable for specification within the expected work item time constraints.  
· Presuming 2 TUs are allocated to the work item, 3 or 4 solutions seems an appropriate number.
· 3 solutions are already recommended for PUSCH enhancement according to the study item conclusion, and so the number of solutions for enhancements of PUCCH and ‘other’ channels would be quite limited.
Proposal:
· Down-select 3 or 4 solutions from the following potential list of solutions for the coverage enhancement work item in NR Rel-17:
· Increase the number of repetitions for PUSCH repetition type A
· TB processing over multi-slot PUSCH
· Joint channel estimation over multiple PUSCH transmissions
· Dynamic PUCCH repetition
· DMRS bundling across PUCCH repetitions
· Msg3 PUSCH repetition
· A-CSI on PUCCH/PUSCH with repetition
Details of our views on the enhancements for different types of channels can be found in the following sections.
[bookmark: _Ref57584482]PUSCH enhancement
For PUSCH enhancement, the 3 solutions recommended in the coverage enhancement TR are enough in our view.  As stated in section 2.1, it is also possible to exclude the multi-slot TB processing for PUSCH so that one technique is specified for PUCCH enhancement and one technique for ‘other’ channel enhancement.
Proposal:
· Specify 2 or 3 of the enhancements recommended from RAN1 for PUSCH enhancement in the coverage enhancement work item in NR Rel-17.
Sub-PRB transmission is in our understanding best suited for lower data rates than are studied for coverage enhancement, and it can provide only a marginal gain for VoIP.  It will have fairly heavy specification impact, and given the limited gains, is therefore not suitable for the coverage enhancement work item.  This is discussed in detail in the following section.
[bookmark: _Ref57583731]Sub-PRB transmission of PUSCH
The following concerns and observations on sub-PRB transmission have been summarized during the RAN1 discussions:
· Sub-PRB transmission has substantial specification impact, potentially including frequency and/or time domain resource allocation, TBS determination, DM-RS pattern, RV determination, hopping pattern within/between the PRBs, PUSCH signal generation for DFT-s-OFDM waveform, new RF requirements, and new power control.
· In RAN1 discussions, only 3 companies have results on which observations of required SINR gain are made in the TR, of which one shows at most 0.8 dB, one shows 0 dB gain, and another shows as much as 8.5 dB gain.
· The link level results with more than 0.8 dB gain compared sub-PRB to baseline schemes without repetition in the baseline.
· The largest gains were found with a baseline of 4 PRBs transmission compared to 1/2 PRB transmission. 
· This baseline does not seem relevant since 1 PRB baseline performs better (as is reflected in the observations). 
· No sub-PRB scheme was compared to HARQ. 
· No cubic metric values are reported, only PAPR. PAPR is known to substantially overestimate PA backoff. 
· Multi-slot TBS has already been agreed and has a very similar behavior: the number of information bits is small, allowing higher EPRE within a PRB. We think there is a danger of specifying duplicate solutions for this reason. 

So overall for VoIP coverage enhancement, we see at most a modest link performance gain if repetition is used as a baseline, no gain at all if HARQ is feasible, while the specification impact is large. Sub PRB has some potential for capacity in MTC applications (as discussed below), but that is not part of the NR coverage enhancement investigations, as LPWA is excluded in the study item description.
In [3], performance evaluation and comparison among allocations of 3, 6, and 12 subcarriers per PRB was performed for Rel-15 sub-PRB LTE-M transmission. The total occupied resource was kept the same for the different number of subcarriers. As shown in Figure 5 for CE mode A with a 256 bits TB size (which is similar to the VoIP TBS size of 320 bits used in the coverage enhancement study), the coverage gain seen is limited to roughly 0.5 dB when repetition is used. For CE mode B, as is shown in Figure 6 in [3], in deeper extended coverage a throughput gain (⁓21% to ⁓35%) from sub-PRB compared to a full PRB allocation was observed when the TBS is quite low (72 bits).  However, this TBS is much lower than that used for VoIP, and so is suitable for LPWA but is not in the scope of the coverage enhancement study for NR. Overall, sub-PRB transmission in MTC is also used to decrease the peak-to-average power ratio (when 2-of-3 subcarriers are allocated) and to increase the capacity while maintaining coverage.
Observations:
· Sub-PRB has substantial specification impact, potentially including frequency and/or time domain resource allocation, TBS determination, DM-RS pattern, RV determination, hopping pattern within/between the PRBs, PUSCH signal generation for DFT-s-OFDM waveform, new RF requirements, and new power control.
· There’s marginal gain at the cell edge from sub-PRB transmission for VoIP, compared to full PRB transmission when keeping the total occupied resource the same.
· Sub-PRB transmission has some potential for capacity, but only has notable link performance gain for lower data rates than for VoIP and in deeper extended coverage in MTC applications.  Such applications and MTC capacity enhancements are not in scope for NR coverage enhancement, as LPWA is excluded in the study item description.
Proposal:
· Sub-PRB transmission of PUSCH is not specified in the coverage enhancement work item in Rel-17.
PUCCH enhancement
For PUCCH enhancement, given the more limited spec impact and well-established gains of repetition, we think dynamic PUCCH repetition makes sense as a PUCCH enhancement. While it is a less preferred alternative, cross-slot estimation for PUCCH (which is similar to joint channel estimation for PUSCH) can be considered, although it seems more restrictive e.g. for TDD.
Proposal:
· Dynamic PUCCH repetition is supported in the NR R17 coverage enhancement work item
· As a less preferred alternative, cross-slot estimation for PUCCH can be considered.
Sequence based (so-called ‘DMRS-less’) PUCCH transmission for up to 11 bits has also been studied. Proposals generated considerable debate, including a new suite of results for DTX detection generated toward the end of RAN1#103e. In the following, we take into account these more recent results as well as complexity aspects.
DMRS-less transmission in a new PUCCH format
Channel estimation can significantly impact performance especially for small payload physical channels such as CSI on PUCCH. Therefore, schemes that can be more robust to imperfect channel estimation may be of interest, including those without DMRS [1]. These schemes may use channel coding that can function with non-coherent reception in order to improve the robustness to channel estimation. They may be further motivated by observations that some symbol sequences of the Reed-Muller code are different only by a single complex phase rotation. The structure of the Reed-Muller code may also affect NACK to ACK error rates when UCI carries HARQ-ACK, which may also generate interest in new UCI coding for PUCCH.
Reception for such coding may require advanced receivers, such as those that hypothesize all combinations of the information bits and then comparing the received signal against each combination.  These receivers can use the entire received signal to form a hypothesis, whereas conventional reception first forms a channel estimate using only the DMRS prior to decoding. Therefore, the ability of hypothesis based reception to use more of the received signal can improve performance over conventional reception at low SNRs limited by channel estimation. However, advanced receivers can be used on existing channel codes such as the Reed Muller code used on the PUCCH. Therefore, it is important to quantify the gains of advanced reception independently of the gains from new channel coding. 
For PUCCH HARQ ACK/NACK bits the receiver may need to consider DTX detection and error detection. For UCI bits ≤11 there are no CRC bits; instead an error detection check is done. The error detection check compares a threshold with the decision metric of the codeword to decide if it is a valid codeword or ACK bit. The threshold is selected based on the requirement. In addition to the 1% BLER performance metric agreed in RAN1#101-e, the following performance metrics from a working assumption agreed in RAN1#103-e are considered:    
· For UCI with HARQ-ACK payload (with or without CSI/SR payload), the performance metric for HARQ-ACK is 1% DTX to ACK error rate, 1% ACK miss detection (including ACK to NACK and ACK to DTX) error rate, and 0.1% NACK to ACK error rate. 
· For UCI with HARQ-ACK and CSI/SR payload, the performance metric for CSI/SR is 1% false alarm rate, 1% BLER [or 10% BLER], 5% undetectable error rate for <=11 bits, and 2% undetectable error rate for >11 bits 

The undetectable error rate is defined as the # instances that a UCI payload is declared as correct when the UCI payload is in error / Total # instances that UCI payloads are in error, where a UCI payload is declared as correct if it passes the error detection check. The false alarm rate is the probability that DTX is detected as a correct payload. 
Figures 1 and 2 compare a ‘DMRS-less’ design using channel coding based on a Gold code with Rel-15/16 PUCCH format 3. Both a hypothesis based advanced non-coherent (correlator based) ML receiver and a conventional receiver are used for the Rel-15/16 PUCCH format 3, where 2 DMRS are used with the advanced receiver due to its reduced dependency on DMRS, while 4 DMRS is used for best performance with conventional reception. The leftmost plots in the figures show the results for ACK/NACK performance, while the rightmost show BLER results with different thresholds no, DTX and DTX plus undetectable error detection. For the thresholds the DTX and false alarm rate is less than 1%. The setup of the link level simulation is provided in Table 1 of Appendix 1. In Figure 1 the payload is 3 UCI bits all of which are HARQ ACK/NACK bits and in Figure 2 the payload is 11 UCI bits, 4 of which are HARQ ACK/NACK bits and with no CSI split. Observing the NACK to ACK error curves, it can be seen that the Gold code outperforms Rel-15/16 PUCCH by roughly 1 dB. However, ACK miss error performance is essentially the same for the Gold codes and Rel-15/16 PUCCH. Since the required SNRs to meet the Ack miss error targets are higher than the required SNRs for the NACK to ACK error targets, the Ack miss error performance sets the required SNR and the Gold code has essentially the same performance as the Rel-15/16 channel code with the advanced receiver.
The SNR requirements are summarized in Table 2. Comparing the required SNR for 1% BLER to those where DTX detection is used, it can be seen that the tighter requirements from DTX detection increase the required SNR by 0.7-2.6dB, which will impact the link budget. The advanced receivers are around 1-2 dB better than the conventional receiver, where the gain differences change slightly depending on the requirement and payload size. 
[image: ][image: ]
Figure 1. Performance of advanced receiver for PUCCH,3 UCI bits, all HARQ ACK/NACK bits
[image: ][image: ]
Figure 2. Performance of advanced receiver for PUCCH,11 UCI bits, 4 HARQ ACK/NACK bits
 Table 2: Required SNR advanced and conventional PUCCH Receiver
	
	
	PF3, 3bits 3HARQ A/N,
Corr. Rx
	Gold seq., 3bits 3HARQ A/N
	PF3, 3bits 3HARQ A/N, Conv. Rx.
	PF3, 11bits 4 HARQ A/N No CSI split, Corr. Rx
	Gold seq., 11bits 4 HARQ A/N No CSI split
	PF3, 11bits 4 HARQ A/N No CSI split, Conv. Rx.

	1%BLER
	
	-8.5dB
	-8.6dB
	-6.8dB
	-5.2dB
	-5.2dB
	-3.1dB

	HARQ ACK req.
	
	-6.4dB
	-6.4dB
	-5.1dB
	-4.3dB
	-4.3dB
	-2.4dB

	1%BLER &DTX req.
	
	-6.0dB
	-6.0dB
	-4.7dB
	-4.1dB
	-4.1dB
	-2.6dB

	1%BLER & DTX+Undetect.Error 
	
	-6.0dB
	-6.0dB
	-4.6dB
	-4.1dB
	-4.1dB
	-1.5dB


      
While advanced receivers can improve performance, they are naturally more complex. Therefore, it could be further studied if enhancements to PUCCH transmission schemes can facilitate less complex advanced receivers. Some investigation of the complexity of advanced receivers for sequence based UCI encoding is available in [2]. However, further investigation is needed to address issues such as how the use of an advanced receiver for Rel-15/16 PUCCH compares to one used for sequence based reception, what the benefits are for more general purpose architectures computing architectures as opposed to special purpose ones based on fast Hadamard transforms, etc. Furthermore, when considering receiver complexity, it should be remembered that PUCCH is not likely to consume much UL resource by its nature as a control channel. Therefore, complexity optimizations will have proportionately less benefit to the overall gNB receiver design. 
Observations:
· Reception performance can be significantly improved by using advanced rather than conventional receivers on Rel-15/16 PUCCH
· Gains on the order of 1-2 dB are possible depending on factors such as payload size, BLER target, and channel conditions.
· Considering tighter requirement may change the magnitude of the gains slightly.
· The performance benefit of channel coding different from Rel-15/16 for PUCCH is not clear.
· Gold code based designs can have better Nack to Ack performance by roughly 1 dB, but since Ack miss error rates tend to set required SNR, these gains do not increase net performance.
· The better performance of ‘DMRS-less’ schemes and/or advanced receivers is likely to come with the cost of higher complexity, and therefore their complexity should be jointly studied with their performance gain. These complexity studies are incomplete in Rel-17.
Proposal:
· New PUCCH formats (including those that do not contain DMRS, or encode UCI in a different way than Rel-15/16) are not specified for coverage enhancement in Rel-17.
Enhancements for channels other than normal PUSCH and PUCCH
For ‘other’ channel enhancement, Msg3 PUSCH repetition can be specified as a simple alternative way to provide coverage, although we think that it’s not essential given that retransmission is already possible for Msg3. 
Proposal:
· For enhancement to channels other than normal PUSCH/PUCCH, Msg3 repetition can be specified in the coverage enhancement work item in Rel-17.
However, we do not think it necessary to specify PRACH enhancement as discussed in the following section.
Multiple PRACH transmissions before the end of RAR
Concerns on multiple PRACH transmissions before the end of RAR window identified during the RAN1 discussions and remain unresolved:
· It’s not clear to what extent PRACH is a bottleneck:
· PRACH results for the Rel-15/16 baseline are only based on an initial transmission without the reattempts (with same or different beams) that are already supported in Rel-15.
· The gains of beamforming transmissions should be studied at the system level, as was done in IMT-2020 studies. 
· The antenna gains and antenna correction factors are quite different among companies for PRACH and it is difficult to conclude on the net benefit using the current methodology
· Results from a 10% miss detection rate (rather than the 1% assumed in the study) do not show PRACH as a bottle neck even with only single PRACH transmission
· Multiple PRACH transmissions before the end of RAR is a feature that has been discussed a lot in NR R15 and R16, where the main intention was to optimize random access latency.  Multiple PRACH transmission was not pursued in Rel-15 in our understanding due to concerns on introducing uncontrolled higher collision probability and increasing interference.
· These concerns on interference/collision/best PRACH transmission misdetection study for this multiple PRACH transmission have not been investigated in this study item, thus the concerns in earlier releases are still valid.
· An increased PRACH collision rate can mean that measurement accuracy cannot be guaranteed to select the best PRACH among multiple PRACH transmissions before the end of RAR window.
· System level evaluation results are not available to show if there are beam selection gains with multiple transmissions compared to beam reattempt considering both possible collision probability and interferences within a cell and between cells. Higher interference/collision may also increase initial access latency.
· Multiple PRACH transmissions before the end of the RAR window will also introduce large specification impact in at least both RAN1 and RAN2, and this will rely on RAN2 discussions as well.
· Potential specification impacts may include triggers for multiple PRACH transmissions, determination of number of transmissions and transmission pattern, differentiation between enhanced UE and legacy UE and possible collision handling between PRACH transmission with and without multiple PRACH transmissions, and beam determination in RACH procedures.
· In Rel-15/16, a UE can already allow not only flexible beam selection for uplink transmissions in random access but also different time/frequency/power domain resources, and different PRACH reattempts provides gains in time/frequency/spatial/power domain. 
Based on the above, we have following observations and proposal.
Observations:
· To what extent the PRACH is a bottleneck is not clear due to the tight 1% target misdetection rate studied for initial PRACH transmission, the variation of the antenna gains among companies, and the lack of PRACH reattempts in Rel-15/16 baselines.
· Multiple PRACH transmissions before the end of the RAR window will increase interference and/or require additional PRACH resource, is not well studied at system level, and has large specification impact.

Proposal:
· Multiple PRACH transmissions before the end of RAR is not specified in the NR R17 coverage enhancement work item.

Summary
In this contribution, we provide our views on the scope of a coverage enhancement work item in NR Rel-17.  We make the following observations and proposals.
Observations:
· An enormous number of solutions (19 categories, each with multiple techniques) have been discussed in the coverage study item phase in RAN1. While solutions were winnowed during the study, further discussion is needed to identify a set of objectives suitable for specification within the expected work item time constraints.  
· Presuming 2 TUs are allocated to the work time, 3 or 4 solutions seems an appropriate number.
· 3 solutions are already recommended for PUSCH enhancement according to the study item conclusion, and so the number of solutions for enhancements of PUCCH and others would be quite limited.
· Sub-PRB transmission has substantial specification impact with marginal coverage gains for applications in scope for NR coverage enhancement such as VoIP.
· The benefits for PUCCH of channel coding different from Rel-15/16 are not clear especially when advanced receivers are used, and do not justify the introduction of a new PUCCH format.
· [bookmark: _GoBack]The need for PRACH enhancement is unclear, while its specification impacts are relatively large

Proposals:
· Down-select 3 or 4 solutions from the following potential list of solutions for the coverage enhancement work item in NR Rel-17:
· Increase the number of repetitions for PUSCH repetition type A
· TB processing over multi-slot PUSCH
· Joint channel estimation over multiple PUSCH transmissions
· Dynamic PUCCH repetition
· DMRS bundling across PUCCH repetitions
· Msg3 PUSCH repetition
· A-CSI on PUCCH/PUSCH with repetition
· Specify 2 or 3 of the enhancements recommended from RAN1 for PUSCH enhancement in the coverage enhancement work item in NR Rel-17.
· Sub-PRB transmission of PUSCH is not specified in the coverage enhancement work item in Rel-17.
· Dynamic PUCCH repetition is supported in the NR R17 coverage enhancement work item
· As a less preferred alternative, cross-slot estimation for PUCCH can be considered.
· New PUCCH formats (including those that do not contain DMRS, or encode UCI in a different way than Rel-15/16) are not specified for coverage enhancement in Rel-17.
· For enhancement to channels other than normal PUSCH/PUCCH, Msg3 repetition can be specified in the coverage enhancement work item in Rel-17.
· Multiple PRACH transmissions before the end of RAR is not specified in the NR R17 coverage enhancement work item.

References
[bookmark: _Ref47627789][bookmark: _Ref57581370]R1-2004499, “Potential techniques for coverage enhancements”, Qualcomm, RAN1 #101-e, May 2020
[bookmark: _Ref57581427]R1-2009802, “Potential coverage enhancement techniques for PUCCH ”, Qualcomm, RAN1 #103- e, October 26th - November 13th 2020.
[bookmark: _Ref57116804]“Uplink Sub-PRB Resource Allocation for Rel-15”, G. A. Medina-Acosta, Y.-P Eric Wang*, Olof Liberg, Johan Bergman, Anders Eriksson, IEEE 90th Vehicular Technology Conference, November 2019.
[bookmark: _Ref47688562][bookmark: _Ref47620963]Appendix 1
Table 1: Basic setup of LLS for DMRS-less transmission on PUCCH
	System
	· Carrier frequency 700MHz
· 15 kHz SCS
· FDD
· 2*10 MHz BWP (2*52 PRBs)

	UE speed
	· 3kph

	Payload
	· 3 or 11 bits on 1 PRB, 14 Symbols

	Channel
	· TDL-C (NLoS), 30 delay spread, medium correlation

	Antennas
	· 1T2R

	Frequency hopping
	· Enabled
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