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1. Introduction
In last RAN1 meeting, an LS [1] has been sent to RAN4 about different combinations of physical channels and reference signals that can be transmitted by UEs in the same slot with different transmit power. For now, current NR on-off time mask scenarios are inherited from LTE and some use cases are not considered in RAN4 specifications. RAN4 needs to reconsider these newly added scenarios.
This document provides some observations and proposals on NR on-off time masks regarding the new time mask scenarios RAN1 has raised and defining relating requirements for them.
2. Discussion
2.1. Background
The RAN1 LS [1] provides various information that would be used for ON/OFF mask requirements.

RAN1 would like to inform RAN4 that RAN1 has identified the following combinations of the physical channels and the reference signals that can be transmitted by the UE on different OFDM symbols in the same slot with different transmit power:

· PUSCH+PUSCH

· SRS+SRS

· PUCCH+PUCCH

· PUSCH+SRS

· PUSCH+PUCCH

· PUSCH+PRACH

· SRS+PUSCH

· SRS+PUCCH

· SRS+PRACH

· PUCCH+PUSCH

· PUCCH+SRS

· PUCCH+PRACH

· PUSCH+PUCCH+PUCCH

· PUSCH+SRS+PUCCH

RAN1 would like to inform RAN4 that RAN1 has identified the following combinations of the physical channels and the reference signals that can be transmitted by the UE on two consecutive slots with different transmit power and the PUSCH DMRS occupies the first OFDM symbol:

· PUSCH+PUSCH

· PUCCH+PUSCH

· SRS+PUSCH

RAN1 would like to inform RAN4 that for each combination different physical channels or reference signals may have different durations in the same slot.

· PUSCH: 2/4/5/6/7/8/9/10/11/12/13/14 symbols

· SRS: 1/2/3/4/5/6 symbols

· PUCCH: 1/2/4/5/6/7/8/9/10/11/12/13/14 symbols

· PRACH: 2/4/6/12 symbols

The transmission priority may be different depending on the channel, content that physical channel is carrying and reference signal. The list above might not be completed.
It should be noted that these combinations RAN1 brought up are arranged in order, like SRS+ PUCCH and PUCCH+SRS are different combinations. The combinations of the same channels and signals in different transmission orders should be considered in designing on-off time masks.
In [2], the following on-off time mask use cases for NR UE transmissions are agreed:

· Generic ON/OFF time mask

· PRACH and SRS time mask

· Slot boundary time mask

· UL transmission preceding SRS

· UL transmission succeeding SRS

· UL transmission preceding and succeeding SRS

The current 38.101-1/2 specifications are also based on these scenarios and the NR on-off time mask framework in current specifications cannot cover the new combinations of physical channels and reference signals. Requirements have to be defined for these new cases and included in TS38.101-1/2.
2.2. Observations on current on-off time mask framework
For defining on-off time mask requirements for these new use cases, current on-off time mask framework is analysed and some principles and logic are derived from the analysis.
From current RAN4 specifications 38.101-1/2, the transient periods are 10us for NR UL transmission in FR1 case and 5us for FR2 case. And the transient periods are outside the transmission. 
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Figure 6.3.3.2-1: General ON/OFF time mask for NR UL transmission in FR1 
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Figure 6.3.3.2-1: General ON/OFF time mask for NR UL transmission in FR2

It becomes more complex when UE transmits different physical channels or reference signals or a mix of them in the same slot using different transmit power. Two aspects have to be considered regarding this issue when determining on-off time mask: the length and the location of the transient period. The latter is dependent on the transmission priority of the physical channels or reference signals.
Observation 1: Two aspects have to be considered regarding this issue when determining on-off time mask: the length and the location of the transient period. The latter is dependent on the transmission priority of the physical channels or reference signals.
When UE transmits within one slot with power change, a middle transient period is placed in the conjunction part, used for reconfiguring transmitter for power change. The middle transient periods are defined as 10us for FR1 case and 5us for FR2 case. This number is deemed the same for all the combinations.
The location of the transient period is dependent on the transmission priority of the physical channels and reference signals. RAN1 has defined priorities for those channels and reference signals in RAN1 spec and provide the following information to RAN4: 

The transmission priority may be different depending on the channel, content that physical channel is carrying and reference signal. The list above might not be completed.
Based on this information it may not be quite simple to judge which channel has higher priority since it would depend on more than one factor. For example, in both LTE and NR, SRS is given a higher priority and transient period is usually placed outside SRS, with exceptions, when it adjacent to other channels. However, there are still other rules, take LTE sTTI WI as an example, higher priority were given to data compared to reference, and SRS is given equal priority to data part.
If two channels are tansmitted in one slot of unequal transmission priority, the transient period location should be put in the with lower transmission priority entirely; If they are of equal transmission priority, the location should be split equally in both channels. In another word, the logic is: the channel with higher transmition priority should be protected and placing the transient period into channel with lower transmission priority.
Observation 2: The channel with higher transmition priority should be protected and the location of the transient period is in the channel with lower transmission priority. If the priority is the same the transient period could be equally split.
With above logic and transmission priority, the on-off time mask can be decided easily regarding different combinations.
2.3. New scenarios and relating requirements
Current time mask framework in TS 38.101-1/2 is based on LTE. Compared to the scenarios listed in the LS, we think the following cases were not included and it is grouped into two groups based on whether containing PRACH or not.
Set 1(including PRACH):

· PUSCH+PRACH

· SRS+PRACH

· PUCCH+PRACH

Set 2(not including PRACH):

· PUSCH+PUSCH
· PUCCH+PUCCH

· PUSCH+PUCCH

· PUCCH+PUSCH

· PUSCH+PUCCH+PUCCH

For Set 1, it is clear that current framework lacks those scenarios which need to be supplemented. For Set 2, the current situation is a bit complicated and all these would discuss below.
For Set 1, requirements need to be defined for above new combinations based on principles and logic derived from current on-off time mask. In addition, the way defining PRACH time mask has also to be corrected.
In 38.101-1/2, Table 6.3.3.4-1 is defined along with PRACH ON/OFF time mask and inherited from TS 36.101 as following: 
Table 6.3.3.4-1: PRACH ON power measurement period

	PRACH preamble format
	Measurement period (ms)

	TBD
	TBD

	TBD
	TBD

	TBD
	TBD

	TBD
	TBD

	TBD
	TBD


However, this table is no longer appropriate for NR specification. RAN1 has designed various PRACH formats and different transmission time configurations. There are 256 PRACH formats for FR1 as depicted in Table 6.3.3.2-3 and FR2 PRACH formats are not finished yet. If PRACH on measurement period is still defined as Table 6.3.3.4-1 in NR, it will be long and not necessary. So it is proposed to remove Table 6.3.3.4-1 from NR specification and replace it with general descriptions of PRACH measurement period guidelines. E.g. The measurement period is the whole length including CP and sequence.
Table 6.3.3.2-3: Random access configurations for FR1 and unpaired spectrum.

	PRACH
Configuration 
Index
	Preamble format
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	Subframe number
	Starting symbol
	Number of PRACH slots within a subframe
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Proposal 1: Remove Table 6.3.3.4-1 PRACH ON power measurement period from TS 38.101-1/2 and add general descriptions of PRACH measurement period guidelines. E.g. “The measurement period for different PRACH preamble format is specified as the duration of cyclic prefix and sequence”
PRACH is generally believed to be more important for it is used for establishing RRC connection when UE is in RRC-idle state or reestablishing RRC connection when the wireless channel failed, and uplink out of synchronization when uplink/downlink data arrive at UE air interface etc. The function of PRACH makes it more important than SRS/PUSCH/PUCCH. The transmission priority of these physical channels and reference signals is the basis of designing on-off time masks for the combinations of these channels and signals.
So it is proposed that PRACH is of higher transmission priority than PUSCH or PUCCH in defining on-off mask considering actual physical channel transmission. Based on the logic, the transient period location is proposed as following for PUSCH +PRACH and PUCCH+ PRACH cases:
Proposal 2: ON/OFF time masks for PUSCH+PRACH and PUCCH+PRACH cases are defined as follow:
PUSCH +PRACH case
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PUCCH+PRACH case
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From RAN1’s perspective, PRACH has higher transmission priority over SRS because PRACH is used for random access to the base station and SRS is used for sounding the channel quality and making a cell reselection. The situation becomes trickier because PRACH may have longer duration than SRS, if the transient period location is put in SRS entirely, the SRS performance becomes worse than the case the transient period location is put in PRACH entirely. Thus, the transmission priority of PRACH and SRS becomes hard to decide. Here three options are provided:

Option1: The transient period is put in PRACH entirely;
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Option2: The transient period is put in SRS entirely;
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Option3: The transient period is split equally in both PRACH and SRS. 
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These three options are presented to RAN4 to decide where to put the transient period when transmitting PRACH and SRS in consecutive mini-slots with different transmit power. We tend to propose Option2 as the on-off time mask for PRACH has higher priority than SRS and Option2 is simpler than Option3 splitting the transient period equally in both SRS and PRACH symbols. 
Proposal 3: For SRS+PRACH case, the middle transient period is located inside SRS (Option2).
For Set 2, our understanding for Section 6.3.3.7 in TS 38.101-1/2, Figure 6.3.3.7-1 can actually cover all Set 2 cases. It can be derived from the figure that PUSCH and PUCCH are currently of equal transmission priority because the transient period is split equally between N0 and N+1 which are both used for PUSCH/PUCCH transmission. In addition, there is also no differentiation between data and DMRS symbols.
6.3.3.7
PUSCH-PUCCH and PUSCH-SRS time masks

The PUCCH/PUSCH/SRS time mask defines the observation period between sounding reference symbol (SRS) and an adjacent PUSCH/PUCCH symbol and subsequent UL transmissions. The time masks apply for all types of frame structures and their allowed PUCCH/PUSCH/SRS transmissions unless otherwise stated.
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Figure 6.3.3.7-1: PUCCH/PUSCH/SRS time mask when there is a transmission before or after or both before and after SRS

When there is no transmission preceding SRS transmission or succeeding SRS transmission, then the same time mask applies as shown in Figure 6.3.3.7-1.

Option 1: Confirm that Section 6.3.3.7 PUSCH-PUCCH and PUSCH-SRS time masks can cover all the cases related to PUSCH and PUCCH and do not consider the priority of DMRS and data. 
This means that all the cases below would already be covered:

· PUSCH+PUSCH

· PUCCH+PUCCH

· PUSCH+PUCCH

· PUCCH+PUSCH

· PUSCH+PUCCH+PUCCH

However, it is believed that the current spec did not fully consider the latest agreements from RAN1. For LTE sTTI WI, different requirements already started to be provided based on whether reference symbol or data is in the adjacent part. Here for NR, if further prioritization is considered for DM-RS and data part. DM-RS is deemed more important since the failure to correct detecting DM-RS would cause other demodulation failures.
Since PUSCH/PUCCH DMRS can occupy any symbol in a consecutive PUSCH/PUCCH transmission. For example, there are four cases depending on whether it is DMRS or Data in the conjunction part for Set2, if DMRS is prioritized, the following transient period location could be considered:
Case 1: PUSCH/PUCCH DMRS+ PUSCH/PUCCH DMRS

The transient period can be shared equally.
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Case 2: PUSCH/PUCCH Data+ PUSCH/PUCCH Data
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The transient period can be shared equally.
Case 3: PUSCH/PUCCH DMRS+ PUSCH/PUCCH Data

The transient period can be placed in the PUSCH/PUCCH Data symbol.
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Case 4: PUSCH/PUCCH Data+ PUSCH/PUCCH DMRS

The transient period can be placed in the PUSCH/PUCCH Data symbol.

[image: image17.emf]PUCCH/PUSCH PUCCH/PUSCH

DMRS DATA DMRS DATA

Transient period Transient period


A discussion is needed to confirm these requirements.
Option 2: Setting different requirements based on different priority of the type of channels and reference symbols. Considering the complexity of further differentiate PUSCH and PUCCH, it is prefered to setting DMRS more protected against data symbol.
No matter what option is selected, the current 6.3.3.7 would need some clarification and revision. 
Proposal 4: Make a conclusion of whether option 1 and option 2 should be selected. 
Option 1: Confirm that Section 6.3.3.7 PUSCH-PUCCH and PUSCH-SRS time masks can cover all the cases related to PUSCH and PUCCH and do not consider the priority of DMRS and data.

Option 2: Setting different requirements based on different priority of the type of channels and reference symbols.
There seems to be a misunderstanding in the PUCCH/PUSCH/SRS time mask. PUCCH/PUSCH can be transmitted in symbols, not just in slots, which is already stated clearly in specifications. So we want to clarify Figure 6.3.3.7-1 by changing ‘N slot’ to ‘N slot/mini-slot’.
Proposal 5: Correct Figure 6.3.3.7-1 by changing ‘N slot’ to ‘N slot/mini-slot’.
Furthermore, we are not sure if the transient period between N0 slot and N+1 slot is always needed. From our understanding, if N0 slot and N+1 slot transmit the same physical channel with no power change, the transient period is not needed. Thus, we propose to add a note to clarify the transient period is only needed when there is a power change between N0 slot and N+1 slot. 

Proposal 6: Clarify the transient period is only needed when there is a power change between N0 slot/mini-slot and N+1 slot/mini-slot.

3. Conclusion
This contribution provides discussion on NR on-off time masks regarding different combinations of physical channels and reference signals transmitted by UEs in short TTIs using different power levels based on current agreed on-off time masks framework. The following observations and proposals are provided:
Observation 1: Two aspects have to be considered regarding this issue when determining on-off time mask: the length and the location of the transient period. The latter is dependent on the transmission priority of the physical channels or reference signals.
Observation 2: The channel with higher transmition priority should be protected and the location of the transient period is in the channel with lower transmission priority. If the priority is the same the transient period could be equally split.

Proposal 1: Remove Table 6.3.3.4-1 PRACH ON power measurement period from TS 38.101-1/2 and add general descriptions of PRACH measurement period guidelines. E.g. “The measurement period for different PRACH preamble format is specified as the duration of cyclic prefix and sequence”
Proposal 2: ON/OFF time masks for PUSCH+PRACH and PUCCH+PRACH cases are defined as follow:
PUSCH +PRACH case:
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PUCCH+PRACH case:
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Proposal 3: For SRS+PRACH case, the middle transient period is located inside SRS (Option2).
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Proposal 4: Make a conclusion of whether option 1 and option 2 should be selected. 

Option 1: Confirm that Section 6.3.3.7 PUSCH-PUCCH and PUSCH-SRS time masks can cover all the cases related to PUSCH and PUCCH and do not consider the priority of DMRS and data.

Option 2: Setting different requirements based on different priority of the type of channels and reference symbols.
Proposal 5: Correct Figure 6.3.3.7-1 by changing ‘N slot’ to ‘N slot/mini-slot’.
Proposal 6: Clarify the transient period is only needed when there is a power change between N0 slot/mini-slot and N+1 slot/mini-slot.
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