


[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: _Ref452454252]3GPP TSG-RAN WG4 Meeting #104-e	R4-2213773
Electronic Meeting, 15 – 26 Aug 2022

Source: 	Nokia, Nokia Shanghai Bell 
Title: 	Simulation for Multiple Sub-Slots PUCCH Repetition
Agenda item: 	9.21.3.1
Document for: 	Discussion
Introduction
In RAN4#103e, it has the following agreementsAgreements:
Option 2a as starting point and further confirm by RAN4#104-e meeting.
· Option 2a: Develop PUCCH requirements for PF0, with sub slot repetition and inter sub-slot hopping, but condition introduction in the specification on the availability of at least 2 simulation inputs

In summary, it was decided to not introduce PUSCH requirement or CQI requirements for subband 4-bits based CQI reporting. The question on PUCCH requirements for PF0 is still open, as some companies have asked to check further, and these requirements are discussed in this paper.
Sub-slot based PUCCH repetition
General description of sub-slot based PUCCH repetition
In this first section, we repeat our reasoning from the last meetings, on why PUCCH demodulation requirements are needed, following the specification of this feature by RAN1.
Based on TS 38.331 and considering normal CP length, there are two different sub-slot configurations within the 14 os slot: 7 sub-slots with 2 symbols in each sub-slot, 2 sub-slots with 7 symbols in each sub-slot. The related RRC configuration from PUCCH-Config is shown in below
    subslotLengthForPUCCH-r16               CHOICE {
            normalCP-r16                        ENUMERATED {n2,n7},
            extendedCP-r16                      ENUMERATED {n2,n6}
    }                                                                                                             OPTIONAL, -- Need R

Sub-slot based PUCCH repetition is basically confining each PUCCH resource within the sub-slot and the repetition is over multiple sub-slots. The number of sub-slot based PUCCH repetitions is restricted to be 2, 4, 8 defined by nrofSlots in PUCCH-Config :
nrofSlots                               ENUMERATED {n2,n4,n8}                                                 OPTIONAL, -- Need S
Or the number of repetition is indicated by DCI, which are the same for slot-based PUCCH in Rel-16. 
Given different PUCCH formats and sub-slot lengths, there are three different configurations for the sub-slot based PUCCH repetitions and some of them have been explicitly discussed in RAN1 [1]:
1. PUCCH format 0 or 2 (2 symbols) with sub-slot length of 2 symbols
2. PUCCH format 0 or 2 (2 symbols) with sub-slot length of 7 symbols, an example is shown in figure 1.
3. PUCCH format 1, 3 or 4 (4 - 7 symbols) with sub-slot length of 7 symbols.
Given subslotLengthForPUCCH is defined for sub-slot configuration, the starting symbol of each PUCCH repetition is calculated as mod(startingSymbolIndex, subslotLengthForPUCCH) where startingSymbolIndex is defined at each PUCCH format configuration.

 
[bookmark: _Ref100172675]Figure 1 An example of 2-symbol PUCCH repetitions over 7-symbol-length sub-slots (normal CP), PUCCH starts at the 1st sub-slot
The inter-subslot frequency hopping is supported for sub-slot based PUCCH repetition (the full-slot FH flags are reused for sub-slot FH, i.e., “interslotFrequencyHopping” is to be configured).
Having more than one copy of the PUCCH in each slot is evidently impacting sample acquisition/buffering in the implementation, as well as the repetition combining algorithm (especially, if data DM-RS is to be exploited), and processing timelines. Even the least impactful implementation of LLR combining will need to extend the legacy case to having multiple LLR values taken per slot, and also across slot boundaries.
Furthermore, compared to slot-based PUCCH repetition with similar demodulation performance and same TDD pattern (as there is the same number repetitions in less time), the performance of sub-slot PUCCH repetition is superior in terms of reducing latency by having the same repetition number over a shorter time period, i.e. the 1/2/3 sub-slot PUCCH configurations mentioned in above and in [2].
Furthermore, the repetition of F0 and F2 was not previously possible, neither in slot nor sub-slot variants.
Hence, we propose to have minimum requirements for this feature.
However, in the last meeting it was already discussed, that PF0 is to be prioritized over PF2. It is also our understanding that usually 3 inputs are required to derive performance requirements, but we see this PUCCH use case as being of high priority, hence we would be fine with only 2 inputs, assuming them to be aligned. Though, if only 2 inputs are obtained, then the standard BS demod requirement derivation procedure cannot be used.
This leads us the final proposal of:
RAN4 to define PUCCH demodulation performance requirements for PF0, with sub slot repetition and inter sub-slot hopping, but condition introduction in the specification on the availability of at least 2 simulation inputs.
Note: The performance of sub-slot repetition and full slot repetition with the same number of repetitions is expected to be similar and the same performance requirement could be potentially re-used.

Proposed Configurations and Simulation Results
We simulated the sub-slot based PUCCH format 0 repetition scenario is shown in Figure 1. The corresponding simulation parameter configuration is shown Table 1
	Parameter
	Test

	Number of information bits
	2

	Number of PRBs
	1

	Number of PUCCH symbols
	2

	Number of PUCCH repetitions
(nrofSlots)
	4

	Number of Sub-slot symbols
(subslotLengthForPUCCH-r16)
	7

	Number of slots
	2

	First symbol of sub-slot (startingSymbolIndex)
	5

	First PRB prior to frequency hopping
	0

	Intra-subslot frequency hopping
(intraSlotFrequencyHopping)
	disabled

	Inter-subslot frequency hopping
(interslotFrequencyHopping)
	enabled

	First PRB after frequency hopping
	The largest PRB index 
– (nrofPRBs – 1)

	Group and sequence hopping
	neither

	Hopping ID
	0

	Initial cyclic shift
	0


[bookmark: _Ref108422723]Table 1 Test parameters for multi-subslot PUCCH format 0.
We propose to enable inter sub-slot frequency hopping, as this configuration is commonly used in the field to avoid frequency dependent deep fading outages in the cell edges
Enable inter sub-slot frequency hopping.
Take the above table of test parameters for multi-subslot PUCCH format 0, as the baseline of the discussion in RAN4.
[bookmark: _Hlk97555469][image: Chart, line chart

Description automatically generated]Figure 2 shows the simulation results for both NACK->ACK Probability and the miss-Ack probability.Figure 2 Sub-slot PUCCH 4 repetitions NACK-ACK probability and miss-Ack probability
[bookmark: _Ref108423240]Figure 2 BER for NACK->ACK

Table 2 and table 3 show the requirements for NACK-ACK probability and miss-Ack probability respectively. 
	Number of TX
	Number of RX
	Cyclic Prefix
	Propagation conditions and correlation matrix
	Channel bandwidth  / SNR (dB)

	antennas
	antennas
	
	(Annex G)
	40MHz

	1
	2
	Normal
	TDLC-300-100 Low
	5.7dB


[bookmark: _Ref108423439]Table 2 simulation results of NACK->ACK probability  for multi-subslot PUCCH format 0 with 30kHz SCS.

	Number of TX
	Number of RX
	Cyclic Prefix
	Propagation conditions and correlation matrix
	Channel bandwidth  / SNR (dB)

	antennas
	antennas
	
	(Annex G)
	40MHz

	1
	2
	Normal
	TDLC-300-100 Low
	4.6dB


[bookmark: _Ref108423575][bookmark: _Hlk31794208]Table 3 simulation results of miss ACK probability for multi-subslot PUCCH format 0 with 30kHz SCS.

From the simulation results shown in Figure 2 (or tables 2 and 3) one can see the SNR for 1% miss-ACK probability does not guarantee the 0.1% NACK-ACK performance. Therefore, in additioan to the general requirement 1% DTX->Ack,  both miss-Ack and NACK->ACK should be considered as the performance requirements for multiple sub-slot PUCCH with format0.  
Use DTX->Ack, miss-ACK and NACK-ACK as performance indicators for multiple sub-slot PUCCH with format0.
From the simulation results we see that our proposed configuration are reasonable and result in valid performance requirements.

Conclusion
The implementation of sub-slot based PUCCH repetition is important in some scenarios requiring lower latency and high reliability. From the discussion in this paper we have the following proposals:
1. RAN4 to define PUCCH demodulation performance requirements for PF0, with sub slot repetition and inter sub-slot hopping, but condition introduction in the specification on the availability of at least 2 simulation inputs.
Enable inter sub-slot frequency hopping.
Take the above table of test parameters for multi-subslot PUCCH format 0, as the baseline of the discussion in RAN4.
Use DTX->Ack, miss-ACK and NACK-ACK as performance indicators for multiple sub-slot PUCCH with format0.
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