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Introduction
RAN4#90 in February 2019 agreed on a new feature on maximum UL duty cycle as per R2-1903025 [1]:
	#
	Feature group
	Components
	Consequences if the feature is not supported by the UE
	Need of FR1/FR2 differentiation
	Remarks
	Recommendation for TSG-RAN

	[bookmark: _Hlk4521661]2-16
	Maximum uplink duty cycle for FR2 power class 3 UE
	1) Maximum percentage of uplink transmission time that can be scheduled within 1s time window in order to ensure compliance with applicable electromagnetic energy absorption requirements provided by regulatory bodies. The value range is {2%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%}. 
	UE relies on the power back off as in TS38.101-2 to ensure the regulatory compliance
	Applicable only to FR2 
	Per band capability.
Default value is FFS
[bookmark: _Hlk4521722]For a FR2 UE when the percentage of uplink transmission time scheduled within a certain evaluation period is larger than its capability, UE could do power back off as in TS38.101-2.
	Mandatory to report non-default uplink duty cycle if UE supports




RAN4 also sent corresponding LSs to RAN2 in [2] and [4], but RAN#83 in March 2019 further endorsed a way forward in [3] for the capability that had slight modifications to the capability, and tasked RAN2 to evaluate backwards compatibility and create the corresponding UE capability signaling once RAN4 has finalized the capability values as [3]:
	· RAN#83 has discussed RAN4’s agreement on FR2 maxUplinkDutyCycle capability values for PC3 UE in [1]. 
· RAN would like to inform RAN4 and RAN2 that it has updated the FR2 maxUplinkDutyCycle capability values as follows {2%, 10% (TBD), 20%, 25%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%} 
· RAN4 is asked whether any value ≤ 10% should be added
· RAN asks 
· RAN2 to introduce FR2 maxUplinkDutyCycle capability signalling accordingly
· RAN2 to evaluate backwards compatibility



Related to the above, RAN4 liaised RAN1 under a Rel-16 MIMO enhancements WI with the following text as per R4-1902193 [4]:
	RAN4 has discussed FR2 RF Exposure issues and would like to share the situation in RAN4. Two methods were introduced during Rel-15 in the specification to enable the UE to comply with regulatory exposure limits, one is P-MPR, the other is maxUplinkDutyCycle capability. For some UE implementation, the needed back off to comply with RF exposure regulation could be large.



During RAN2#105bis, the topic was again discussed but postponed pending further RAN4 discussion:
	Uplink duty cycle for FR2 (related to RAN4 LS in R2-1903027 and and RAN plenary way forward endorsed in RP-190755) 
R2-1904338	Discussion on FR2 UE capability of maxUplinkDutyCycle	CMCC	discussion	Rel-15	NR_newRAT-Core
-	DOCOMO think that our signalling should be generic for all cases rather than separate cases for FR1 and FR2, other power classes, etc.
-	Nokia think the RAN4 discussion is happening today. Agree that DOCOMO approach is one way forward.
-	Ericsson think we can’t finish the signalling now anyway.
-	Samsung would like to see a concrete proposal for generic signalling before agreeing to go that way.
-	Vivo think if we get more info from RAN4 we can consider generic signalling but otherwise we go with the current approach.
-	Sony think for the generic approach it must be specific for FR2.
-	Apple think we should just follow the RAN4 recommendation.
-	T-Mobile question the value of the whole scheme but the signalling must be backwards compatible. Prefer to define it narrowly for the specific case from RAN4.
=>	Revisit the discussion and agree the CR at the next meeting when we should have input from RAN4.


In this contribution, we discuss the RAN2 aspects of the capability in expectation of receiving further information from RAN1/4, and how to treat the introduction of the capability by UEs and networks.
UE capability description for maximum UL duty cycle
The capability of maximum UL duty cycle for PC2 UEs in FR1 has already been introduced, with allowed values ranging from 60%-100%. However, RAN4 is now (in ) requesting a new capability for FR2 usage, but new capability requested by RAN4 is both insufficient (in description) and problematic (from RAN2 behaviour perspective): Since the capability doesn’t currently exist, legacy UEs implemented prior to next versions of the specifications (which is the earliest time the new capability can be introduced) will never indicate it, nor can legacy networks interpret such a capability. Therefore, as with any UE capability, this means that any limitations to the maximum UL duty cycle have to be considered as a new “feature” that may or may not be supported by UEs and networks. Further, as the RAN#83 way forward in [3] shows, there is no clear consensus even on the actual values to be introduced and RAN2 is asked to only work on the backward-compatibility aspects until RAN4 has managed to converge on the exact value range (however, see discussion in Sction 3 on latest agreements as of RAN4#90bis).
Observation 1: The value range for the capability on maximum UL duty cycle for FR2 was still open in RAN4 before RAN4#90bis. 
Observation 2: Adding a capability for limiting maximum UL duty cycle means modifying existing NR Rel-15 and the modifications should be backward-compatible with the existing Rel-15 operation. 
Since the current specifications do not support this feature and UE capability, the legacy behaviour can therefore be interpreted as UE simply follows gNB scheduling decisions and support all the corresponding maximum UL duty cycles including 100% UL duty cycle, especially since (as per RAN4 specifications) UE is always allowed to utilize sufficient P-MPR to meet FR2 MPE regulatory requirements.
Observation 3: Current specifications impose no limitations on UL duty cycles for the scheduler, so legacy UEs must be able to cope with all duty cycles including 100% duty cycle.
It also follows that the legacy networks will not limit the UL duty cycle and therefore the UEs will still need to be able to cope with the network scheduling to meet the regulatory requirements using other means (e.g. P-MPR).
Observation 4: Network not supporting the limited maximum UL duty cycle will never consider the UE capability, so UE must be able to cope with regulatory requirements regardless of the network scheduling. 
However, given that this is “incapability” for a UE, it needs to be clear what the actual UE behaviour is in this case: Does the UE simply ignore the UL scheduling DCI? Or does it utilize P-MPR? Or something else? All of these seem to be RAN1/4 matters but will affect the capability description since the legacy behaviour needs to be clear as well.
Further, it is not clear whether the UE is still allowed to apply P-MPR even if the network gracefully handles the UL duty cycle according to the UE capability and this is not clear in the RAN4 description, either. It is also important to note that when RAN4 agreed to introduce the UL duty cycle, there was another accompanying agreement made as per the RAN4#90 meeting minutes in [5]: “This % does not affect basestation scheduler. That clarification is captured in the next meeting.”. How this is captured may also affect the RAN2 capability description.
Observation 5: It is not clear whether UE is allowed to utilize P-MPR even when network ensures the maximum UL duty cycle limitations are met.
Finally, we would also note that it may be impossible to ensure that all TDD configurations allow meeting the maximum indicated UL duty cycle: If the UL percentage of a TDD configuration matches the UL duty cycle exactly, there are no issues, but if the TDD configuration (e.g. ‘DDSU’ TDD configuration, which has at least 25% UL slots) has more UL at minimum than UE supports (e.g. if UE supports 10% maximum UL duty cycle), it is also not clear how often network is allowed to schedule the UE to meet the UE “capability” limitation: Is the observation period over several TDD cycles, several seconds, or for some other period? The first LS from RAN4 in R2-1900046 states that the observation period is 10ms, but the later LS in R2-1903027 from RAN4 states the period is 1s, with then also the RAN#83 agreed CR to TS 38.101-2 again stating the period as 10ms as per RP-190747. Hence, it is not at all clear what the RAN4 intention is with the capability. 
Observation 6: It is unclear what the observation period for the UL duty cycle should be for FR2 and RAN4 input is required to document anything in RAN2 specifications.
It is obvious that network needs to know the period to ensure correct behaviour if different UEs have different implementation options for monitoring the UL duty cycle, all of which opens up multiple issues that may affect the gNB scheduler, which would be against the RAN4 decision.
Observation 7: If network has no understanding of how the UE monitors the maximum UL duty cycle, there may be impacts to the gNB scheduler.
Finally, it is not even clear whether the capability is intended only for PC3 UEs (as the first LS indicates and RAN#83 WF states), but the second LS does not clarify this further, and the requirements in subclause 6.2.4 of 38.101-2 on FR2 max UL duty cycle are generic and do not mention the power classes. Hence, can RAN2 define the capability only for PC3, or should it be generic for any FR2 power class? 
Observation 8: It is unclear if the new UL duty cycle capability should be only for PC3 UEs or for any power class UEs supporting FR2.
Introducing the new capability should, as such, be quite straightforward once all the related aspects are known: A per-UE (optional) capability, applicable only to FR2, is introduced as a per-band parameter. However, the existing FR1 duty cycle is per band, and presumably this would be the same for the FR2 parameter, but this is also not clear in the LSs.
Observation 9: RAN4 confirmation is needed on whether the new UL duty cycle capability should be per band, per FR2 power class or or both. Current RAN4 information only indicates it is per FR2, only for PC3.
Progressing work on capability for FR2 UL duty cycle
As per the discussion in previous section, RAN2#105bis and the endorsed RAN#83 WF in [3], it seems that RAN2 still has to wait to receive further information from RAN1/4 on the duty cycle. While RAN4 did discuss the topic during RAN4#90bis, it was not yet possible for RAN4 to agree sending any LS to RAN2 yet and therefore, the final UE capability CRs cannot trulty be agreed in RAN2 yet. However, RAN4 did make some progress in the RAN4#90bis meeting, as evidenced by the draft meeting report in [7]: RAN4#90bis agreed the following max duty cycle values:
Agreement: the options of dutcycycle are 15%, 20%, 25%, 30%, 40%, 50%, 60%, 70%, 80%, 90% and 100%
Observation 10: RAN4 has agreed to the value range allowed by the maximum UL duty cycle signalling for FR2/PC3.
This helps RAN2 to start working on draft CRs while waiting for the final updates and confirmation from RAN4, which is expected to happen during the RAN2#106 meeting. Based on the earlier RAN4 LSs and RAN#83 WF guidance we could tentatively assume the following for this UE capability:
1. FR2 only (FR1 capability already exists and was discussed earlier in RAN2/4)
2. PC3 only (no other power class has been discussed yet)
3. Band specific capability (since the duty cycle limitations depend on the regulatory requirements for the band)
4. To ensure backwards compatibility, default value of 100 % max duty cycle is applied when this new UE capability field is absent (A UE not indicating maximum UL duty cycle for a band shall be capable of 100% UL duty cycle, which applies to UEs implemented according to any version of NR specifications)
Proposal 1: Introduce a new FR2-only band-specific maximum UL duty cycle capability, applicable only for PC3 UEs. 
Proposal 2: If the FR2/PC3 duty cycle capability is absent (for an FR2 band), default value of 100% is applied (for the FR2 band).
Based on the above-mentioned information this new UE capability and CR to TS38.306 could be drafted as follows ( pending the final confirmation from RAN4, which is also noted in the TBD part which can only be verified once RAN4 has decided where to capture the applicability of the capability):
	maxUplinkDutyCycle-PC3-FR2
Indicates the maximum percentage of uplink symbols can be scheduled within a certain evaluation period (as defined in TBD) so as to ensure compliance with applicable electromagnetic energy absorption requirements provided by regulatory bodies. This field is only applicable for FR2 power class 3 UE as specified in clause TBD of TS 38.101-2 [3]. If the field is absent, 100% shall be applied. Value n15 corresponds to 15%, value n20 corresponds to 20% and so on.
	Band
	No
	No
	FR2 only



The corresponding signaling and CR to TS38.331 could be added to BandNR IE using the following definition:
    maxUplinkDutyCycle-PC3-FR2          ENUMERATED {n15, n20, n25, n30, n40, n50, n70, n80, n90}           OPTIONAL
Note that (like with the FR1 duty cycle), the value n100 is not included since it’s assumed to be the default operation.
We have provided the TS38.306 [8] and TS38.331 [9] CR drafts based on the above logic, which we propose RAN2 will start to review while waiting for the final RAN4 information. The corresponding drafts CRs for review are submitted in [8] and [9].
Conclusions
We have discusssed the new maxUplinkDutyCycle capability and observed the following, along with some proposals how to move forward with the introduction of the capability:
Observation 1: The value range for the capability on maximum UL duty cycle for FR2 was still open in RAN4 before RAN4#90bis. 
Observation 2: Adding a capability for limiting maximum UL duty cycle means modifying existing NR Rel-15 and the modifications should be backward-compatible with the existing Rel-15 operation. 
Observation 3: Current specifications impose no limitations on UL duty cycles for the scheduler, so legacy UEs must be able to cope with 100% duty cycle.
Observation 4: Network not supporting the limited maximum UL duty cycle will never consider the UE capability, so UE must be able to cope with regulatory requirements regardless of the network scheduling. 
Observation 5: It is not clear whether UE is allowed to utilize P-MPR even when network ensures the maximum UL duty cycle limitations are met.
Observation 6: It is unclear what the observation period for the UL duty cycle should be for FR2 and RAN4 input is required to document anything in RAN2 specifications.
Observation 7: If network has no understanding of how the UE monitors the maximum UL duty cycle, there may be impacts to the gNB scheduler.
Observation 8: It is unclear if the new UL duty cycle capability should be only for POC3 UEs or for any power class UEs supporting FR2.
Observation 9: RAN4 confirmation is needed on whether the new UL duty cycle capability should be per band, per FR2 power class or or both. Current RAN4 information only indicates it is per FR2, only for PC3.
Observation 10: RAN4 has agreed to the value range allowed by the maximum UL duty cycle signalling for FR2/PC3.
Proposal 1: Introduce a new FR2-only band-specific maximum UL duty cycle capability, applicable only for PC3 UEs. 
Proposal 2: If the FR2/PC3 duty cycle capability is absent (for an FR2 band), default value of 100% is applied (for the FR2 band).
Proposal 3: RAN2 to review the CRs to TS38.306 [8] and TS38.331 [9] while waiting for the final RAN4 information. 
[bookmark: _GoBack]Proposal 4: RAN2 should only endorse the CRs until RAN4 confirmation pon the details of the FR2/PC3 duty cycle is received.
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