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Introduction
In the RAN#82 meeting, open issues in the PUCCH demodulation requirements were discussed in the NR Access Technology WI status report [1]. The SR follows the input from previous way forwards [2], in stating that performance requirements for FR1 multi-slot PUCCH need to be introduced
The related passages from [1][2] are copied below:
	[bookmark: _Hlk22921]TS38.104 requirements  
· Performance requirements for FR1 multi-slot PUCCH




	· Introduce requirements for multi-slot PUCCH for FR1 in Rel-15 by next June
· Option 1: Introduce requirements for PUCCH Formats 1 and 3 with slot repetition N = 2 and 4
· Define requirements by adding –10log(N)+[X] dB to single-slot PUCCH requirements, where X accounts for loss due to channel estimation and other errors.
· X: 
· option 1 : X=1 
· other options not precluded. 
· Other options not precluded.
· Discuss the test parameters after the Nov meeting


Furthermore, [3] pointed out a probable impact on NR PUCCH BS demodulation performance requirements, owing to a clarification on the applicability for the transmit ON/OFF time masks. It was agreed to check the performance impact of the timing mask and propose consequences [4]:
	Agreements:
Further investigation is need to check the performance impact due to the time mask under the frequency hopping enabled.
Whether frequency hopping is needed considering the time mask impact to the PUCCH performances.


In this contribution we provide our views on the above listed issues. 


Transmit ON/OFF time mask impact on performance
Restatement of the issue
As captured in the introduction of this contribution, [3] pointed out a probable impact on NR PUCCH BS demodulation performance requirements, owing to a clarification on the applicability for the transmit ON/OFF time masks:
	What we need to address for feature 4-1 is whether enough demodulation performance of some PUCCH formats could be kept or not when assuming 120kHz SCS and frequency (RB) hopping. In TS38.101-2, the transition period is allowed in case of RB hopping as follows:
	6.3.3.1	General
The transmit ON/OFF time mask defines the transient period(s) allowed
-	between transmit OFF power and transmit ON power symbols (transmit ON/OFF)
-	between continuous ON-power transmissions when power change or RB hopping is applied.
In case of RB hopping, transition period is shared symmetrically.



Transition period is 5us in FR2, but an OFDM symbol duration at 120kHz SCS is roughly 9us, hence it should be clarified whether enough demodulation performance of PUCCH, e.g. PUCCH format 0 with 2 symbols, can be kept or not when assuming intra slot frequency hopping as follows.
[image: ]
Fig. Transition period for PUCCH assuming 120kHz SCS in FR2

Proposal 2: For 4-1, RAN4 clarify whether enough PUCCH demodulation performance could be kept or not at least for PUCCH format 0 with 2 OFDM symbols and 120kHz SCS in FR2 (as a worst case) when intra-slot frequency (RB) hopping is enabled.


Which was further discussed in [4]:
	R4-1815049 feature item 4-1 Basic UL control channel:
“RAN4 needs to check feasibility of frequency hopping for PUCCH formats for FR2. “Feasibility” here means whether PUCCH demodulation performance can be kept or not when 120kHz SCS is assumed and RB hopping is applied in our understanding.”
“6.3.3	Transmit ON/OFF time mask
6.3.3.1	General
The transmit ON/OFF time mask defines the transient period(s) allowed
-	between transmit OFF power and transmit ON power symbols (transmit ON/OFF)
-	between continuous ON-power transmissions when power change or RB hopping is applied.
In case of RB hopping, transition period is shared symmetrically.

- A long subslot transmission is a Type B transmission with more than 2 symbols.
- A short subslot transmission is a Type B transmission with 1 or 2 symbols.

[image: ]

Agreements:
Further investigation is need to check the performance impact due to the time mask under the frequency hopping enabled.
Whether frequency hopping is needed considering the time mask impact to the PUCCH performances.


Hence, the previously specified test cases of PUCCH with intraSlotFrequencyHopping enabled and 2 or more symbols are concerned. Here, in the worst case the parts of “frequency-hopped” PUCCH symbols that fall into the 5us transition period of the transmit ON/OFF time mask will be unusable for decoding. Since the symbol duration is shortest for 120kHz SCS, this use case will be most impacted.


Simplified simulation model
We have decided to investigate the performance impact by imposing some assumptions on the transmit ON/OFF time mask. Our assumptions are summarized in Figure 1, and the main points are to model the transition period as a power scaling of the intended PUCCH symbol with a slope of (26+35)/5 dB/us in FR1 and of (26+50)/5 dB/us in FR2. We stress that the signal is assumed to be valid, but downscaled, during the transition period, as the transmit ON/OFF time mask does not sufficiently specify how to treat the signal during the transition period.
Furthermore, we assume for the turned off PUCCH symbols to no longer be present after the transition period is over (i.e., -∞ dB).
[image: ]
Figure 1: Assumed power scaling during the transition period.


Simulation results
Using the above simulation assumptions, we see the following changes in performance.

[bookmark: _Hlk117376]PUCCH f0 2 symbols
For PUCCH F0 with 2 symbols intra-slot hopping. There is about 0.4dB performance loss in the case of 60KHz SCS @100MHz BW, and about 2.7dB performance loss in the case of 120KHz SCS @100MHz BW.

[image: ]
Figure 2: PUCCH f0 2 symbols, simulation results.

PUCCH f2 2 symbols
For PUCCH F2 with 2 symbols intra-slot hopping. There is about 0.3dB performance loss in the case of 60KHz SCS @100MHz BW, and about 0.9dB performance loss in the case of 120KHz SCS @100MHz BW.

[image: ]
Figure 3: PUCCH f2, 2 symbols, 60kHz, simulation results.

[image: ]
Figure 4: PUCCH f2, 2 symbols, 120kHz, simulation results.


Conclusion
Following the results in the previous subsection we see significant performance degradation, when taking the transmission RF mask into account. Especially large subcarrier spacings (i.e., 120kHz) and format 0 are heavily impact with a maximum loss of 2.7dB in the tested scenarios. 
Hence, make the following proposals:
RAN4 to redo performance requirements of multi-symbol PUCCH with intra-slot frequency hopping enabled to take the transmit ON/OFF time mask into account.
RAN4 to adopt the previously described simplified transmit ON/OFF time mask modeling for derivation of PUCCH ideal results and simulation alignment.


FR1 multi-slot PUCCH performance
Discussion
Nokia still disputes that multi-slot PUCCH is required to achieve LTE like coverages, as has been claimed in [5] for example. The claims there are based on an unfair comparison of 0,7GHz LTE and 2,0GHz NR cell ranges. NR long PUCCH is sufficient to match LTE coverage.
Nevertheless, in the NR Access Technology WI status report [1] it was decided to specify test cases. We propose the following:
RAN4 to discuss selecting one of the PUCCH format 3 test cases to extend into a new 2 slot repetition test case. The minimum requirement SNR values should be found via simulation, instead of using a formula.


Conclusion
In this contribution we have discussed some of the remaining details for NR PUCCH demodulation. We have made the following proposals:
RAN4 to redo performance requirements of multi-symbol PUCCH with intra-slot frequency hopping enabled to take the transmit ON/OFF time mask into account.
RAN4 to adopt the previously described simplified transmit ON/OFF time mask modeling for derivation of PUCCH ideal results and simulation alignment.
RAN4 to discuss selecting one of the PUCCH format 3 test cases to extend into a new 2 slot repetition test case. The minimum requirement SNR values should be found via simulation, instead of using a formula.
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Figure 6.3.3.9-3: Consecutive short subslot (1 symbol gap) time mask for the case when transient
period is required on both sides of the symbol and when 120kHz SCS is used in FR2.




