Page 1

3GPP TSG-RAN WG4 Meeting #88

R4-1811321
Gothenburg, Sweden, August 20–24, 2018
Agenda item:
7.6.8.1.2
Source:
Intel Corporation
Title:
On UL duty cycle restriction in FR2
Document for:
Discussion
1. Introduction

Within the topic of transmit power control, a discussion about RF exposure and potential performance implications was triggered in [1]. During RAN4#86-Bis it was agreed to start discussing UL duty cycle restrictions for FR2 performance optimization while maintaining exposure compliance [2] and in RAN4#87 it was approved to shape the discussion based on FR1’s approach to high power UEs (HPUEs) [3].
This paper focuses on addressing UL duty cycle restriction in FR2 by first summarizing the current status in FR1. The purpose is to start UL duty cycle control discussions in FR2 and determine how to best proceed.

2. Discussion
2.1 Background
RF exposure requirements have been established to protect the public, and are reviewed and updated on a regular basis [4, 5]. The power management term P-MPR is used in RAN4 to help optimize performance while maintaining exposure compliance. For FR2 devices under certain use conditions, the amount of power back-off was highlighted as having possible performance impact in [6]. To potentially reduce the amount of power back-off needed while maintaining compliance, it was agreed to start discussing UL duty cycle restrictions in FR2 [2]. For this discussion, we will first start by reviewing how this was done in LTE and NR FR1.
In LTE, limiting uplink transmission time helps make sure the SAR requirements are met [7]. The restriction is done by excluding the UL/DL configurations that exceed 50% slots set to UL (0 and 6). While this works in LTE, as explained in [8], the frame structure in NR is different and more dynamic [9]. In NR UL/DL is done by symbols, rather than slots used in LTE. Also, there is the added consideration of flexible symbols and how to count them.
How to define the UL duty cycle restriction in NR FR1for HPUEs has been discussed over the last few meetings [10-12]. Because of the previously highlighted differences between LTE and NR, the fixed 50% duty cycle restriction adopted in LTE did not make sense for NR. This led to the definition of a UE capability called maxUplinkDutyCycle. The capability represents the maximum percentage of UL time that can be scheduled during an evaluation period of [X] ms (where [X] is up to UE implementation). An LS was sent to RAN2 regarding this capability [13].

Observation 1: SAR considerations for HPUEs in FR1 led to defining a UE capability called maxUplinkDutyCycle.
Given that the NR frame structure applies to both FR1 and FR2, it makes sense to approach the UL duty cycle control in a similar fashion in FR2. Once the max percentage of UL time is assessed and applied, if there is still a need for back-off, the UE can take P-MPR according to its implementation. This will reduce the amount of P-MPR needed and may help maintain RF performance. Thus, FR2 could also benefit from a UE capability to help optimize RF performance while remaining compliant with RF exposure limits. This is why RAN4 agreed to discuss UL duty cycle restrictions in FR2 by following the approach used in FR1 [3]. Having a dynamic aspect and budget may alleviate the power back-off burden and help ensure compliance with RF exposure requirements while maintaining RF performance.
Observation 2: Discussions for UL duty cycle restriction in FR2 were approved to follow the approach used in FR1 [3].
To help guide the discussion in FR2, a summary of key agreements for FR1 HPUE is provided below [12].

· The uplink transmission time is in terms of symbols
· If the percentage of uplink symbols transmitted in a certain evaluation period is larger than maxUplinkDutyCycle as defined in TS 38.331, the requirements for power class 2 are not applicable, and the corresponding requirements for a power class 3 UE shall apply. 
· The exact evaluation period is up to UE implementation, no less than one radio frame. Such functionality does not need to be tested.
· The default value of maxUplinkDutyCycle is 50%. E.g. If the field is absent, the UE shall apply the default value. 
· These above requirements only apply to UE requirements specification, e.g. 38.101-1
· No additional constraints on BS scheduling but BS may consider maxUplinkDutyCycle 
· Whether power class change due to the UL duty cycle exceeds UE capability will cause UL radio link failure problem is FFS
Before we dive into the agreements, we note that in FR1 there are two power classes: power class 2 (HPUE) and power class 3 (default). FR2 currently has four power classes defined [14, 15]. Out of the four power classes, some may be classified as high power UEs (HPUEs). RAN4 should discuss how to handle and categorize the current power classes in FR2; things to consider include the power level and interaction/proximity to users.

Observation 3: FR2 currently has four power classes. RAN4 should discuss how to handle and categorize the current power classes in FR2.
FR1 also has a default power class, which a HPUE is expected to revert to if the percentage of symbols transmitted is larger than maxUplinkDutyCycle. FR2 can choose to do the same once a default power class is chosen, or it may follow a different approach by backing off a different amount of power.
Observation 4: RAN4 should discuss a default power class for FR2, and if it is reasonable to turn to this power class when the percentage of UL symbols transmitted is larger than maxUplinkDutyCycle.

After these are discussed, we can focus on the rest of agreements. This initial discussion will help shape the framework needed for a way forward to determine how to best address UL duty cycle in FR2. Relevant differences between FR2 and FR1 that directly impact following the same approach should be captured. Additional discussion points are not precluded.
Proposal 1: RAN4 should use the key agreements for FR1 HPUE behaviour as a guideline to discuss and determine the best approach for UL duty cycle restrictions in FR2.
3. Conclusions

In this contribution we aim to start discussing UL duty cycle restriction in FR2 by using FR1’s current framework as guideline and highlighting important aspects that need to be addressed in FR2. The following observations have been made:

Observation 1: SAR considerations for HPUEs in FR1 led to defining a UE capability called maxUplinkDutyCycle. 
Observation 2: Discussions for UL duty cycle restriction in FR2 were approved to follow the approach used in FR1 [3].
Observation 3: FR2 currently has four power classes. RAN4 should discuss how to handle and categorize the current power classes in FR2.
Observation 4: RAN4 should discuss a default power class for FR2, and if it is reasonable to turn to this power class when the percentage of UL symbols transmitted is larger than maxUplinkDutyCycle.
Proposal 1: RAN4 should use the key agreements for FR1 HPUE behaviour as a guideline to discuss and determine the best approach for UL duty cycle restrictions in FR2.
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