
3GPP TSG RAN WG1 Meeting NR#3
        

             R1-1715992
Nagoya, Japan, September 18 – 25, 2017
Agenda item:
6.3.2.2.2
Source: 
Samsung 

Title: 



    Long PUCCH for UCI of more than 2 Bits    
Document for:
Discussion and Decision
1 Introduction

The long PUCCH transmission and structure for more than 2 bits were discussed in RAN1#90 and the following were agreed.

Agreements:
· Long-PUCCH for moderate UCI payload with multiplexing capacity is supported
· For the format of long PUCCH supporting multiplexing of users, target to select one from:

· Alt.1: User multiplexing is realized by time-domain OCC.

· Alt.2: User multiplexing is realized by pre-DFT-OCC.

· Alt.3: User multiplexing is realized by FDM within the PRB.

· Alt.4: User multiplexing is realized by pure TDM in the slot.

Agreements:
· For a PUCCH format for UCI with large payload with no multiplexing capacity within a slot:
· The DMRS and UCI are mapped to different symbols.
· For intra-slot frequency-hopping, one or two DMRS symbol(s) is/are mapped on each frequency-hop of the long-PUCCH.

· Opt.1: one DMRS per frequency-hop

· The location is around the middle of the frequency-hop 

· Opt.2: one or two DMRS per frequency-hop

· FFS: the location of the DMRS symbol(s)

· The DMRS symbol(s) are formed as follows:
· DMRS for a PUCCH is a sequence (e.g. a cyclic shift of a CAZAC or computer generated sequence) in frequency domain.
This contribution considers transmission aspects and structures for the long PUCCH for UCI of more than 2 bits. Companion contribution [1] considers aspects on multi-slot transmission. 
2 Long PUCCH Format for more than 2 bits
The long PUCCH format without UE multiplexing capacity is referred to as PUCCH format 3.

Number of DMRS symbols per frequency-hop

In the Appendix, BLER results are provided for various UCI payloads, number of PUCCH symbols, and number of DMRS symbols per PUCCH frequency hop. Based on the BLER results, the following is observed and proposed. 

Observation 1: Regardless of whether or not FH is enabled, for 15 KHz SCS, BLER with 1 DMRS symbol per hop is lower than BLER with 2 DMRS symbols per slot except when the number of symbols per frequency hop is large (e.g. 7), coding rate is small, and Doppler shift is high (e.g. 4 GHz, 120 km/h).

Observation 2: For SCS larger than 15 KHz, BLER with 1 DMRS symbol per hop is lower than BLER with 2 DMRS symbols per slot except when the number of symbols per frequency hop is large (e.g. 7), coding rate is small, and Doppler shift is very large (e.g. 4GHz, 500 km/h).
Observation 3: By adjusting SCS and/or number of PUCCH symbols and/on number of RBs, BLER for PUCCH can be ensured regardless of UCI payload or Doppler shift.  
Proposal 1: PUCCH format 3 always includes 2 DMRS symbols. 

Having two DMRS symbols regardless of the number of PUCCH format 3 symbols (and regardless of FH/no FH) results to a single PUCCH format 3 structure that, although not optimal for every SINR or every UCI code rate or every Doppler shift, provides largely sufficient channel estimation accuracy while offering design simplicity. Fundamentally, to accommodate very large Doppler shifts or large code rates without changing the PUCCH format 3 structure (e.g. add DMRS when Doppler shift is too large or when code rate is too small), a network can utilize the flexibility thant NR offers to adjust the time/frequency resources of PUCCH format 3 and mitigate/avoid such problems. For example, when using a PUCCH over 14 symbols with 2 DMRS symbols is not optimal due to large Doppler shift, transmission of PUCCH format 3 can be over 7 symbols and over twice as many RBs. For example, when using a PUCCH over 14 symbols with 2 DMRS symbols is not optimal due to low code rate, transmission of PUCCH format 3 can be over 7 symbols. To account for the extreme case of power limited UEs experiencing very large Doppler shifts and transmitting a relatively large number of UCI bits in PUCCH format 3, it can be considered to allow repetitions of PUCCH format 3 regardless of the number of PUCCH format 3 symbols (i.e. not restrict repetitions to multiple of 14 symbols).
Proposal 2: If deemed necessary to support power limited UEs at very large Doppler shifts, repetitions of PUCCH format 3 can be supported regardless of the number of symbols for PUCCH format 3. 

DMRS Locations
Unlike the PUSCH where a front-loaded DMRS can help decoding latency by obtaining a fast channel estimate and performing sequential decoding of frequency-first mapped code blocks, this is not the case for UCI as there is only one code block and any location of the DMRS prior to the last symbol is sufficient. Therefore, the DMRS locations should be selected to optimize UCI BLER. 
Considering support for FH and a single hop, the DMRS should be located near the middle of a first block of symbols before FH (first FH hop) and near the middle of a second block of symbols after FH (second FH hop) - i.e. the LTE PUCCH Format 4 design remains applicable. For example, for an odd number of 
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 symbols in the first or the second block of symbols, the DMRS can be exactly in the middle as for the LTE PUSCH with normal CP (in symbol 
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 symbols in the first or the second block of symbols, the DMRS can be in symbol 
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 as for LTE PUSCH with extended CP (this also places the DMRS prior to the UCI in case of 2 symbols per hop).   

Proposal 3: For transmission of PUCCH format 3 with frequency hopping over 
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 symbols in a same set of RBs of a slot, DMRS is located in symbol 
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Multiplexing Capacity

To increase UE multiplexing capacity, particularly for relatively small UCI payloads, LTE introduced PUCCH format 5 that allows multiplexing of 2 UEs in one RB over one subframe. However, the UL overhead reductions from such UE multiplexing are rather trivial and depend on the number of UEs. For example, when only 1 UE is transmitting, there is no overhead reduction relative to LTE PUCCH format 4. Similar, when 2, 3, 4, and 5 UEs are transmitting, the overhead reductions relative to PLTE UCCH format 4 are 1, 1, 2, and 2 RBs. Given the small number of UEs having DL CA during the same subframe (typically only 1 UE) and the large carrier BWs associated with CA operation, the benefits from using PUCCH format 5 are marginal and exist only when all such UEs do not have relatively large UCI payloads in order for PUCCH format 5 to be possible to use.   
LTE had to consider the frequency domain for providing the additional multiplexing capacity as, prior to sTTI discussions, transmissions in the time domain were considered to always be over one subframe. In NR, the transmission duration of PUCCH format 3 can be variable with a minimum of 4 symbols. A PUCCH format 3 over 4 symbols provides 50% larger UE multiplexing capacity over a slot than LTE PUCCH format 5 (3 versus 2) and 25% smaller multiplexing capacity than LTE PUCCH format 3 (3 versus 4). Therefore, when practically meaningful, a network can adjust the number of symbols used for PUCCH format 3 transmissions and obtain similar UE multiplexing capacity as the one that can be provided by supporting additional long PUCCH formats that may also require more complex design that in LTE (e.g. a PUCCH format similar to LTE PUCCH format 3 with variable OCC length).  

A PUCCH format 3 transmission over fewer symbols than a full slot may somewhat reduce coverage for some UEs but this is offset by the decreased interference due to the absence of UE multiplexing per RB. A network can of course configure such UEs for longer PUCCH format 3 transmissions (same principle one as for PUCCH ‘multi-slot’ transmissions). This is not expected to have a material impact on overall PUCCH overhead as a percentage of UEs that both transmit ‘moderate’ UCI payloads in PUCCH format 3 and are power/interference limited is expected to be small. 

In terms of BLER, pre-DFT OCC, FDM, and TDM with same multiplexing capacity per slot generally achieve the same BLER (amount of available resources is same) with pre-DFT OCC and FDM being advantageous for power limited UEs and TDM being advantageous for UEs experiencing high Doppler shifts. Without considering interference, time-domain OCC provides better BLER as it can utilize all time/frequency resources but, normalized for increased interference due to UE multiplexing in same time/frequency resources, BLER is fundamentally same as for other alternatives while design is more complex to account for OCC length variability. 
Observation 4: Overhead reduction for PUCCH format 3 can be achieved, when meaningful, by network implementation through an adjustment in the number of PUCCH format 3 transmission symbols. Additional long PUCCH format(s) are not necessary.
3 Conclusions

This contribution considered aspects related to transmission and structure for the long PUCCH for UCI of more than 2 bits and proposes the following. 

Proposal 1: PUCCH format 3 always includes 2 DMRS symbols. 

Proposal 2: If deemed necessary to support power limited UEs at very large Doppler shifts, repetitions of PUCCH format 3 can be supported regardless of the number of symbols for PUCCH format 3. 

Proposal 3: For transmission of PUCCH format 3 with frequency hopping over 
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 symbols in a same set of RBs of a slot, DMRS is located in symbol 
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In addition, the following observation is made.
Observation 1: Regardless of whether or not FH is enabled, for 15 KHz SCS, BLER with 1 DMRS symbol per hop is lower than BLER with 2 DMRS symbols per slot except when the number of symbols per frequency hop is large (e.g. 7), coding rate is small, and Doppler shift is high (e.g. 4 GHz, 120 km/h).

Observation 2: For SCS larger than 15 KHz, BLER with 1 DMRS symbol per hop is lower than BLER with 2 DMRS symbols per slot except when the number of symbols per frequency hop is large (e.g. 7), coding rate is small, and Doppler shift is very large (e.g. 4GHz, 500 km/h).
Observation 3: By adjusting SCS and/or number of PUCCH symbols and/on number of RBs, BLER for PUCCH can be ensured regardless of UCI payload or Doppler shift.  
Observation 4: Overhead reduction for PUCCH format 3 can be achieved, when meaningful, by network implementation through an adjustment in the number of PUCCH format 3 transmission symbols. Additional long PUCCH format(s) are not necessary.
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Appendix: Performance evaluation
This section compares the BLER of PUCCH format 3 with 1- DMRS and 2-DMRS per frequency hop based on the simulation assumption agreed in RAN1#90 and summarized in Table 1 at the end of the Appendix.
Evaluation assumptions
PUCCH format 3 with 4 and 7 symbols per frequency hop ((L = 4 and L = 7, including DMRS) is evaluated and two different cases are considered depending on the number of DMRS symbols per frequency hop; (a) 1 DMRS symbol per frequency hop and (b) 2 DMRS symbols per frequency-hop. DMRS patterns for each option are shown in Figure 1. Both cases with frequency hopping (FH) and without FH are considered. 
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(a) 1-DMRS per frequency hop
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(b) 2-DMRS per frequency hop

Figure 1: PUCCH format 3 with 1 DMRS and 2 DMRS per Frequency Hop
Evaluation results
Figure 2 compares the BLER of each option in Figure 1 for 3 km/h and 120 km/h mobility scenarios where FH is applied and 15 kHz SCS is used. It is noted that for L = 4, the case of 100 bits is not considered because the coding rate for 2 DMRS symbols per hop is larger than 1. It is observed that BLER with 1 DMRS symbol per hop is generally better than BLER with 2 DMRS symbols per hop because it enables lower coding rate. The main exception occurs only for high speeds and low coding rates (e.g. L = 7 with 120 km/h as shown in Figure 2(d)).  
[image: image17.emf]    [image: image18.emf]
(a) L = 4 at 3 km/h                                                            (b) L = 4 at 120 km/h
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(c) L = 7 at 3 km/h                                                        (d) L = 7 at 120 km/h

Figure 2: BLER with FH using 15 kHz SCS for TDL-C with 300 ns
Figure 3 compares the BLER of each option for 3 km/h and 120 km/h mobility scenarios where FH is not applied and 15 kHz SCS is used. Similar observations as for Figure 2 apply for Figure 3. 
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(a) L = 4 at 3 km/h                                                          (b) L = 4 at 120 km/h
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(c) L = 7 at 3 km/h                                                     (d) L = 7 at 120 km/h

Figure 3: BLER without FH using 15 kHz SCS for TDL-C with 300 ns
Figure 4 compares the BLER of each option for 120 km/h and 500 km/h mobility scenarios where FH is not applied and 30 kHz SCS or 60 kHz SCS are used. It is observed that BLER for 1 DMRS symbol per hop is lower than BLER for 2 DMRS symbols per slot as 1 DMRS symbol per slot allows for lower coding rates. The only exception occurs for L = 7 with 500 km/h as shown in Figure 4(d) but even then BLER for 1 DMRS symbol per slot is acceptable.
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(a) L = 4 using 30 kHz SCS at 120 km/h                           (b) L = 4 using 60 kHz SCS at 500 km/h
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(c) L = 7 using 30 kHz SCS at 120 km/h                           (d) L = 7 using 60 kHz SCS at 500 km/h

Figure 4: BLER without FH using higher SCSs for TDL-C with 300 ns
In conclusion, no material benefit is identified from having multiple PUCCH structures, corresponding to multiple numbers of DMRS symbols per slot for PUCCH format 3 and use of 1 DMRS symbol per slot is generally optimal.

Table 1: Evaluation parameters
	Parameters
	Values

	Waveform
	DFT-S-OFDM

	Carrier frequency
	4 GHz

	Modulation
	QPSK

	Channel coding
	TBCC, rate = 1/3

	Channel estimation
	MMSE

	FFT size
	2048 for 15 kHz SCS, 1024 for 30  kHz SCS, 512 for 60 kHz SCS

	CP length
	144∙TS for 15 kHz SCS, 72∙TS for 30  kHz SCS, 36∙TS for 60 kHz SCS

	Antenna Configuration
	1 Tx – 2 Rx
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