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1. Introduction
An LS [1] has been received in RAN4 to whether there is enough information for RAN4 to define UE behaviour regarding HPUE and send a feedback to RAN1. Initial scheme has been written into RAN4 spec but no feedback provided yet.
In LTE, the restrictions for HPUE is by excluding UL/DL configurations 0 and 6, which is documented in TS 36.101[2] 6.2.2 as following:

-
if the UE supports a different power class than the default UE power class for the band and the supported power class enables the higher maximum output power than that of the default power class:

-
if the band is a TDD band whose frame configuration is 0 or 6; or…
By limiting uplink transmission time, the total transmission was controlled and the requirements of SAR is assured.

For NR, a similar scheme was introduced in 38.101-1 [3] section 6.2.1 as following:

If a UE supports a different power class than the default UE power class for the band and the supported power class enables the higher maximum output power than that of the default power class:

-
if the band is a TDD band and 50% or more slots in radio frame are used for UL transmission; or …

The general idea is the same to LTE to ensure SAR by limiting uplink transmission. However, there are significant difference between NR and LTE in RAN1. NR TDD UL/DL configurations mechanisms and this description may be problematic. The finest granularity of UL/DL is now symbol rather than slot, and it is concluded that flexible slot(s) in cell-specific configuration can be overwritten to DL and /or UL by UE-specific and/or dynamic signalling. 
This paper would provide some considerations on support of HPUE and corresponding limits for UE behaviour related to TDD UL/DL configurations from RAN4 perspective.
2. Discussion
2.1. SAR requirements

Specific Absorption Rate (SAR) is a measure of the rate at which RF energy is absorbed by human tissue [4]. SAR is proportionally increased with UE transmitted power and UE may violate the SAR requirements when transmitting with high power class for duty cycles with a large uplink percentage. Not all uplink-downlink configurations supporting HPUE can meet SAR requirements. 
The uplink duty circle should not exceed 50% and for this reason uplink-downlink configuration 0 and 6 are excluded for TDD bands supporting HPUE.
2.2. Subframe configurations in LTE TDD
In LTE, different UL/DL configurations may apply to frames in a cell and the subframes in which can be configured as uplink, downlink and special. There are seven fixed UL/DL configurations (configuration 0~6) defined by RAN1 and listed in Table 4.2-2. For each subframe in a radio frame, "D" denotes a downlink subframe reserved for downlink transmissions, "U" denotes an uplink subframe reserved for uplink transmissions and "S" denotes a special subframe with the three fields DwPTS, GP and UpPTS.
Table 4.2-2: Uplink-downlink configurations
	Uplink-downlink 

configuration
	Downlink-to-Uplink 

Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


To support HPUE for TDD bands, RAN4 put some strains on UL/DL partitions in order to meet SAR requirements. For LTE power class 2 (26dBm), in order to satisfy no more stringent requirements than LTE FDD UE, the uplink duty circle should not exceed 50%, and for this reason uplink-downlink configuration 0 and 6 are excluded for TDD bands supporting HPUE.
2.3. Slot configurations in NR 
Background

For NR, a UE supports flexible slots according to semi-static signaling and dynamic signaling, which is quite different from LTE. The granularity which can be configured UL/DL or flexible is now symbol rather than slots in LTE. The slot formats can be denoted in Table 4.3.2-3 referenced from 38.211[5]. According to this table, OFDM symbols can be classified as “downlink” (denoted as “D”), “uplink” (denoted as “U”) and “flexible” (denoted as “X”). 
Table 4.3.2-3: Slot formats.

	Format
	Symbol number in a slot

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	0
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D

	1
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	2
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X

	3
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	X

	4
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	X
	X

	5
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	X
	X
	X

	6
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	X
	X
	X
	X

	7
	D
	D
	D
	D
	D
	D
	D
	D
	D
	X
	X
	X
	X
	X

	8
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	U

	9
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	U
	U

	10
	X
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	11
	X
	X
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	12
	X
	X
	X
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	13
	X
	X
	X
	X
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	14
	X
	X
	X
	X
	X
	U
	U
	U
	U
	U
	U
	U
	U
	U

	15
	X
	X
	X
	X
	X
	X
	U
	U
	U
	U
	U
	U
	U
	U

	16
	D
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X

	17
	D
	D
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X

	18
	D
	D
	D
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X

	19
	D
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	U

	20
	D
	D
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	U

	21
	D
	D
	D
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	U

	22
	D
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	U
	U

	23
	D
	D
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	U
	U

	24
	D
	D
	D
	X
	X
	X
	X
	X
	X
	X
	X
	X
	U
	U

	25
	D
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	U
	U
	U

	26
	D
	D
	X
	X
	X
	X
	X
	X
	X
	X
	X
	U
	U
	U

	27
	D
	D
	D
	X
	X
	X
	X
	X
	X
	X
	X
	U
	U
	U

	28
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	X
	U

	29
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	X
	X
	U

	30
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	X
	X
	X
	U

	31
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	X
	U
	U

	32
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	X
	X
	U
	U

	33
	D
	D
	D
	D
	D
	D
	D
	D
	D
	X
	X
	X
	U
	U

	34
	D
	X
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	35
	D
	D
	X
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	36
	D
	D
	D
	X
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	37
	D
	X
	X
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	38
	D
	D
	X
	X
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	39
	D
	D
	D
	X
	X
	U
	U
	U
	U
	U
	U
	U
	U
	U

	40
	D
	X
	X
	X
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	41
	D
	D
	X
	X
	X
	U
	U
	U
	U
	U
	U
	U
	U
	U

	42
	D
	D
	D
	X
	X
	X
	U
	U
	U
	U
	U
	U
	U
	U

	43
	D
	D
	D
	D
	D
	D
	D
	D
	D
	X
	X
	X
	X
	U

	44
	D
	D
	D
	D
	D
	D
	X
	X
	X
	X
	X
	X
	U
	U

	45
	D
	D
	D
	D
	D
	D
	X
	X
	U
	U
	U
	U
	U
	U

	46
	D
	D
	D
	D
	D
	D
	X
	D
	D
	D
	D
	D
	D
	X

	47
	D
	D
	D
	D
	D
	X
	X
	D
	D
	D
	D
	D
	X
	X

	48
	D
	D
	X
	X
	X
	X
	X
	D
	D
	X
	X
	X
	X
	X

	49
	D
	X
	X
	X
	X
	X
	X
	D
	X
	X
	X
	X
	X
	X

	50
	X
	U
	U
	U
	U
	U
	U
	X
	U
	U
	U
	U
	U
	U

	51
	X
	X
	U
	U
	U
	U
	U
	X
	X
	U
	U
	U
	U
	U

	52
	X
	X
	X
	U
	U
	U
	U
	X
	X
	X
	U
	U
	U
	U

	53
	X
	X
	X
	X
	U
	U
	U
	X
	X
	X
	X
	U
	U
	U

	54
	D
	D
	D
	D
	D
	X
	U
	D
	D
	D
	D
	D
	X
	U

	55
	D
	D
	X
	U
	U
	U
	U
	D
	D
	X
	U
	U
	U
	U

	56
	D
	X
	U
	U
	U
	U
	U
	D
	X
	U
	U
	U
	U
	U

	57
	D
	D
	D
	D
	X
	X
	U
	D
	D
	D
	D
	X
	X
	U

	58
	D
	D
	X
	X
	U
	U
	U
	D
	D
	X
	X
	U
	U
	U

	59
	D
	X
	X
	U
	U
	U
	U
	D
	X
	X
	U
	U
	U
	U

	60
	D
	X
	X
	X
	X
	X
	U
	D
	X
	X
	X
	X
	X
	U

	61
	D
	D
	X
	X
	X
	X
	U
	D
	D
	X
	X
	X
	X
	U

	62 – 255 
	Reserved


Observation 1: The smallest granularity configured as UL/DL in NR is an OFDM symbol.
For LTE, to support HPUE, only UL/DL configurations that transmit UL with a duty cycle not to exceed 50% allowed. If we still use 50% uplink duty cycle as NR transmission requirement, there must be some different restrictions applied to NR transmission configurations compared to LTE. 
Way of definition:
The detailed UE procedure for slot configuration is in section 11.1 of 38.213. The slot configuration are determined by several parameters including Cell-specific higher layer DL/UL configuration (UL-DL-configuration-common), UE-specific higher layer DL/UL configuration (UL-DL-configuration-dedicated), dynamic slot format indication (SFI-SS). It is difficult and inappropriate to give detailed configuration restriction for these parameters in RAN4 spec since it is impossible to cover all cases in real deployment.  In addition, there may be slight difference between network configuration and actual transmission, it is configuration is more reliable.
So it is proposed that a general statement could be used in 36.101 and also provided a guideline for network configuration and implementation. In the meantime, one specific configurations could be selected in RAN5 testing spec. 
Observation 2: In NR, the UL duty cycle is complex to decide because of flexible slot and symbol configurations according to network signalling. 
Proposal 1: A general statement to define a percentage of uplink symbols could be used in 36.101 and provide a guideline for network configuration and implementation. In the meantime, one specific configuration could be selected in RAN5 testing spec.
How to treat “flexible” symbol:

For the “flexible” symbol, there is possibility to be scheduled as uplink or simply reserved. So in the calculation of UL duty cycle, there are two options for “flexible” symbol.
Option 1: Count “flexible” as uplink.
This is a more conservative method in that this is under the assumption that all the “flexible” was scheduled as uplink. The equation could be:
UL duty cycle = “uplink” symbol number + “flexible” symbol number / Total symbol number 

Option 2: Do not count “flexible” as uplink. 
This could be a more typical option than previous option. However, there is a risk that regulatory requirements would be violated under unsatisfactory conditions such as many “flexible” symbols used as uplink. 

UL duty cycle = “uplink” symbol number / Total symbol number 

Proposal 2: Count “flexible” symbol as “uplink” in the calculation of UL duty cycle.
How to select the evaluation period: 
In LTE, UL/DL configuration is per frame defined. So the evaluation period is not an issue. However, for NR, it is questionable whether one frame is still suitable. 
Since the duration of SAR test is in the order of minutes, it is actually not that necessary to make sure that 50% should be satisfied in every frame. In this sense a longer evaluation period is more flexible to accommodate different uplink traffic situation, allowing a percentage larger than 50% for a few seconds to achieve a higher peak data throughput. However, longer evaluation period might be difficult to be implemented since network has to “memorize” all these configurations history. So from simplicity point of view, an order of frames and a maximum of seconds could be considered (e.g. 1 frame or 1 second), or the regulatory requirements might be challenged.
Here one frame is still preferred for simplicity.
Proposal 3: Use one frame as the evaluation period Count “flexible” symbol as “uplink” in the calculation of UL duty cycle.
Based on the previous three proposals, following text proposal could be as following:

-
if the band is a TDD band and 50% or more symbols in a radio frame are configured as “uplink” or “flexible”; or …

In addition, no matter which option used, it seems that no more functionality needed for RAN1 in order to let RAN4 define behaviour for HPUE.

Proposal 4: Reply to RAN1 that no more functionalities needed in order to have set requirements for HPUE.
3. Conclusion
This contribution provides discussion on NR TDD UL/DL configurations and support of HPUE.The following observations and proposals are made:
Observation 1: The smallest granularity configured as UL/DL in NR is an OFDM symbol.
Observation 2: In NR, the UL duty cycle is complex to decide because of flexible slot and symbol configurations according to network signalling. 
Proposal 1: A general statement to define a percentage of uplink symbols could be used in 36.101 and provide a guideline for network configuration and implementation. In the meantime, one specific configuration could be selected in RAN5 testing spec.
Proposal 2: Count “flexible” symbol as “uplink” in the calculation of UL duty cycle.
Proposal 3: Use one frame as the evaluation period Count “flexible” symbol as “uplink” in the calculation of UL duty cycle.
Based on the previous three proposals, following text proposal could be as following:

-
if the band is a TDD band and 50% or more symbols in a radio frame are configured as “uplink” or “flexible”; or …

Proposal 4: Reply to RAN1 that no more functionalities needed in order to have set requirements for HPUE.
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