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1. Introduction
In last RAN4 AdHoc-1801 meeting, there has been a discussion about NR TDD UL/DL configurations and HPUE behaviour in [1] and some possible options were agreed to be studied in [2]. In this paper, some further discussion on HPUE behaviour and restrictions on NR TDD UL/DL configurations are presented.
2. Discussion
2.1. Background
In [2], the following background was provided for HPUE behaviour restriction.
· In order to making sure UE satisfying SAR requirements, HPUE behaviour need to be restricted in RAN4
· For LTE, behaviour restriction is by excluding UL/DL configurations 0 and 6 in 36.101 to make sure less than 50% slots are configured for UL
· TDD UL/DL configurations are static broadcasted parameter
· For NR, UE supports flexible slots according to semi-static signaling and dynamic signaling. The granularity which can be configured UL/DL or flexible is now symbol rather than slots in LTE
· Current RAN4 spec [1] did not consider the NR physical layer changes and need to be refined on this behavior
· RAN1 needs feedback on whether new functionality is needed by RAN4 or not [2]
· A discussion paper [3] start discussing this issue. However, no proposals could be agreed at current stage.
· A number of concerns were raised regarding possible behaviour restriction.
· If a 50% rule was used, it may imply the UE should do calculation and dynamic / semi-dynamic change on the power class it used. This may introduce complexity and feasibility problem.
· The “flexible” symbol may be dynamically scheduled as UL/DL/blank. This uncertainty raise concerns for the behaviour restriction either more strict than needed or risky of failing regulatory requirements
The following WF on the was agreed to be studied:
· Companies are encouraged to study the following options for HPUE :
· Option 1：Do not restrict the Slot Formats;
· Based on counting less than 50% UL duty cycle with a granularity of symbols;
· How to treat “flexible” symbol and appropriate evaluation period need to be solved.
· Option 2：Select an allowed subset of Slot Formats;
· Using fixed slot formats which is similar to LTE’s scheme
· Try to circumvent the dilemma of how to treat “flexible” symbol and finding appropriate evaluation period.
· New formats may be recommended by RAN4 if deemed necessary
· Other options are not precluded.
· Feedback to RAN1 after RAN4 reach conclusion.    
In this paper, further analysis was provided for these above options and new possible option is also provided.
2.2. Discussion
UL duty cycle and Granularity

For NR HPUE, it seems that there is no controversy that there is a need to somehow control UL duty cycle to continue satisfying less than 50% principle which is similar to LTE, and the finest granularity is changed to symbol as defined in RAN1.

Every possible option should follow these most basic principles.

Proposal 1: There is a need to somehow control UL duty cycle to continue satisfying less than 50% principle which is similar to LTE. 
How to treat “flexible” symbol:

After online and offline discussion, it was found that there seems simply count “flexible” symbols as UL or DL would bring either unacceptable restriction or threat. So it seems that a restriction of this “flexible” feature is beneficial. Here a brief analysis of the meaning of “X”:
For the symbols marked as “X” in a certain slot format, generally there are two purposes. One is used in as flexible UL/DL in dynamic TDD scenario, another one is used as a GAP for DL to UL. For the slot format table which uselimited “X” symbols, they are generally used as GAPs because there is almost meaningless for such small number of flexible opportunity. So it is proposed to restrict the slot formats that could be used for HPUE, to circumvent the treatment of “flexible” symbols. By this restriction, there is no need to consider whether “flexible” would be treated as UL or DL anymore.
In fact, since HPUE was deemed as mainly used for macro scenario to improve coverage, too much “flexible” symbol actually would highly possible not be used in the actual scenario. So this limitation would not hamper the real deployment need.
Proposal 2: For HPUE, restrict the slot formats to those “X” ratio is limited to circumvent the dynamic use of “flexible” symbols.

Analysis of different options:
Option 1 do not satisfy previous proposal 2 and seems not a preferred one anymore.

Option 2 implies that using only one slot format in a system, is simple to configure and verify but have difficulties.  However, this is very restrictive and is somehow contradict with current design. Some preliminary deployment plan was already involves several slot formats it is unlikely that this is agreeable.

In addition, current slot formats is restricted and not well cover different UL duty cycles. In order to have sufficient UL duty cycle flexibility new formats may be needed for RAN1. This may bring further burden and RAN1 may reluctant to accept this option.
In all, option 2 is much too strict and unlikely to satisfy operator’s need.
There is a possible option 3 that with following feature:
· Select a subset of slot formats in which “flexible” only used as gaps to limit uncertainty
· Allow multiple slot formats in a certain period using static/semi-static configurations
· This means current the flexibility of slot formats of RAN1 could be retained and no more work for RAN1
· Within RAN4 defined subset, selecting configuration combos by Network and verified by UE that less than 50% UL duty cycle with a granularity of symbols in a evaluation period 
· E.g. two slot format with UL duty cycle 0% and 85% with 1:1 slot ratio still satisfy < 50% duty cycle. 
· May need RAN1/2 feedback feasibility
Here are two tables try to summarize some features and pros and cons for these options:

Table 1: Options comparison – Features

	
	Slot format restriction
	Network and UE behavior

	Option 1
	No restriction.
	Network selecting configurations and UE verify to assure < 50% duty cycle;

Need to consider “flexible” symbols

	Option 2
	1) Restrict to a subset of formats, using only one of them as in LTE;

2) Slot formats in the subset have to satisfy:

  a. Low “flexible” ratio 

  b. Less than 50% UL symbols

  c. Have a good UL ratio coverage
	Static configuration, selection based on the UL/DL ratio needed
Too strict and unlikely to satisfy operator’s need.

	Option 3
	1) Restrict to a subset of slot formats, using one or a combination of them;
2) Slot formats in the subset have to satisfy:
  a. Low “flexible” ratio
	Network selecting configurations and UE verify to assure < 50% duty cycle;

No need to consider “flexible” symbols


Table 2: Options comparison - Difficulties
	
	Flexibility
	Implementation Difficulty
	Need RAN1 changes?
	Feasibility?
	Possible Agreement

	Option 1
	High
	High
	No
	Low
	No

	Option 2
	Low
	Low
	Yes
	High
	No

	Option 3
	Medium to High
	Medium to High?
	No
	?
	Yes


Proposal 3: Select option 3 as described as a baseline option.
How to select the evaluation period: 
This has been discussed before in [414]. It is believed that this evaluation period would be pretty much related to network and UE implementation. It could be FFS after previous proposals and options were set.
Proposal 4: Evaluation period could be FFS after others are considered.

3. Conclusion
This paper further discussed the HPUE behaviour restriction. Different options were analyized and some proposals were provided.
Proposal 1: There is a need to somehow control UL duty cycle to continue satisfying less than 50% principle which is similar to LTE. 
Proposal 2: For HPUE, restrict the slot formats to those “X” ratio is limited to circumvent the dynamic use of “flexible” symbols.

	
	Slot format restriction
	Network and UE behavior

	Option 1
	No restriction.
	Network selecting configurations and UE verify to assure < 50% duty cycle;

Need to consider “flexible” symbols

	Option 2
	1) Restrict to a subset of formats, using only one of them as in LTE;

2) Slot formats in the subset have to satisfy:

  a. Low “flexible” ratio 

  b. Less than 50% UL symbols

  c. Have a good UL ratio coverage
	Static configuration, selection based on the UL/DL ratio needed

	Option 3
	3) Restrict to a subset of slot formats, using one or a combination of them;

4) Slot formats in the subset have to satisfy:

  a. Low “flexible” ratio
	Network selecting configurations and UE verify to assure < 50% duty cycle;

No need to consider “flexible” symbols as dynamic


Proposal 3: Select option 3 as described as a baseline option.

Proposal 4: Evaluation period could be FFS after others are considered.
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