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1. Introduction
This contribution discusses the SAR solutions for TDD intra-band contiguous UL CA. A solution similar with single carrier is proposed.
2. Discussion
2.1 Current RAN4 candidate SAR solutions
SAR issue has been discussed in several topics, the solutions agreed or under discussion can be in the candidate solutions for this topic. For single carrier, TDD PC2 is supported by the spec. For TDD PC2 single carrier, reporting maximum uplink duty cycle and fall back to PC3 when the capability is exceeded are the solution. For EN-DC, the spec defines the scheme for TDD+TDD EN-DC with each carrier 23 dBm. The solution is that UE reports NR (SCG) maximum uplink duty cycle for every LTE (MCG) TDD configuration and EN-DC falls back to PC3 when the capability is exceeded. For FDD+TDD EN-DC, the solution was approved in last RAN4 meeting. The solution is based on the duty cycle and P-MPR. The duty cycle solution is that UE reports DutyNR based on LTE (MCG and FDD) fixed duty cycle with LTE maximum transmit power 23dBm. When NW configures a capability exceeding the reported UE capability, UE uses P-MPR scheme to guarantee the SAR performance.
Observation 1: Duty cycle based solution and fall back/P-MPR solution were chosen for the closed HPUE topics.
2.2 Current RAN1 transmission power prioritizations
For carrier aggregation transmission power, RAN1 has procedures to decide the priority order of the physical channels or UL carriers. The following was copied from TS 38.213,
------------------------------------------------------------------------------------
[bookmark: _Toc29917274][bookmark: _Toc29899537][bookmark: _Toc29899119][bookmark: _Toc29894820][bookmark: _Toc26719389][bookmark: _Toc20311564][bookmark: _Toc12021452]7.5 Prioritizations for transmission power reductions
For single cell operation with two uplink carriers or for operation with carrier aggregation, if a total UE transmit power for PUSCH or PUCCH or PRACH or SRS transmissions on serving cells in a frequency range in a respective transmission occasion [image: ] would exceed [image: ], where [image: ] is the linear value of [image: ] in transmission occasion [image: ] as defined in [8-1, TS 38.101-1] for FR1 and [8-2, TS38.101-2] for FR2, the UE allocates power to PUSCH/PUCCH/PRACH/SRS transmissions according to the following priority order (in descending order) so that the total UE transmit power for transmissions on serving cells in the frequency range is smaller than or equal to [image: ] for that frequency range in every symbol of transmission occasion [image: ]. When determining a total transmit power for serving cells in a frequency range in a symbol of transmission occasion [image: ], the UE does not include power for transmissions starting after the symbol of transmission occasion [image: ]. The total UE transmit power in a symbol of a slot is defined as the sum of the linear values of UE transmit powers for PUSCH, PUCCH, PRACH, and SRS in the symbol of the slot. 
-	PRACH transmission on the PCell
-	PUCCH transmission with HARQ-ACK information, and/or SR, and/or LRR, or PUSCH transmission with HARQ-ACK information
-	PUCCH transmission with CSI or PUSCH transmission with CSI
-	PUSCH transmission without HARQ-ACK information or CSI and, for Type-2 random access procedure, PUSCH transmission on the PCell
-	SRS transmission, with aperiodic SRS having higher priority than semi-persistent and/or periodic SRS, or PRACH transmission on a serving cell other than the PCell 
In case of same priority order and for operation with carrier aggregation, the UE prioritizes power allocation for transmissions on the primary cell of the MCG or the SCG over transmissions on a secondary cell. In case of same priority order and for operation with two UL carriers, the UE prioritizes power allocation for transmissions on the carrier where the UE is configured to transmit PUCCH. If PUCCH is not configured for any of the two UL carriers, the UE prioritizes power allocation for transmissions on the non-supplementary UL carrier.
---------------------------------------------------------------------------------
From the above specification, we have the following observation,
Observation 2: The RAN1 transmission power priority considers both physical channels and cells. It’s difficult to say which cell of Pcell or Scell should be prioritized.
2.3 The proposal for this topic
With the backgrounds in 2.1 and 2.2, the solutions for intra-band contiguous HPUE can be studied. For the SAR solutions, as duty cycle based solution has been used for many scenarios and it’s also under the candidates of the inter-band 2UL CA HPUE solution, we think it’ll be good to use a similar solution in TDD intra-band contiguous UL CA.
Proposal 1: Duty cycle based SAR solution is used by TDD intra-band contiguous UL CA.
As this study is limited to TDD intra-band contiguous UL CA, it’s reasonable to think the SAR impacts of the two UL carriers is same or very similar. So there may not be necessary to consider the different SAR impact which was one of the reasons to not choosing the reporting total duty cycle capability in EN-DC SAR solution. From the deployment aspect, intra-band CA is based on the co-located scenario assumption, the difference of PSD of the two carriers is limited to 6 dB. From RAN1 aspect, PCC and SCC configuration is UE specific. And according to the priority in 2.2, SCC can also be prioritized when the physical channel transmitted on SCC is in high priority. Therefore, we think it may not be necessary to distinguish the two UL carriers when considering the SAR solutions for TDD intra-band contiguous UL CA. Then we have the following proposal.
Proposal 2: Total duty cycle capability for the two UL carriers can be reported to the network.
From the above study and proposals, the TDD intra-band contiguous UL CA HPUE SAR solutions can be defined very similar with TDD single carrier HPUE. We think the default duty cycle and the reported capability also can refer single carrier capability.
Proposal 3: TDD intra-band contiguous UL CA total duty cycle capability can be defined referring TDD single carrier HPUE  duty cycle capability, i.e. 50% is the default total duty cycle capability and the reported IE can be defined as ENUMERATED {n60, n70, n80, n90, n100}.
There’s one last issue which should be defined that what’s the UE behavior when the scheduling is beyond UE capability or the capability is absent. There’re two solutions exist in RAN4 now, falling back to PC3 or P-MPR. Our understanding is that both of them may have benefits and disadvantages. Falling back to PC3 is simple and easy to be tested, but 3 dB back off may be a little large if the output power only exceeds the capability a little. P-MPR is already used for SAR requirements, but the difficulty for this solution is that it may not be easy to be tested. Current specification says,
For UE conducted conformance testing P-MPRc shall be 0 dB.
However, as SAR test is a totally different test compared with RF test, the behaviour in SAR test can’t be measured in any RF test.
For FDD+TDD EN-DC HPUE, falling back solution was agreed when UE reports the capability and the scheduling is beyond the capability. When the capability is absent, P-MPR solution is allowed. For intra-band contiguous UL CA HPUE, the solution may need more views from operators and vendors.
Observation 3: The solution for the UE behaviour when the scheduling is beyond UE duty cycle capability and/or the capability is absent needs more discussion.
3. Conclusion
This contribution provides some analysis for the SAR solutions of TDD intra-band contiguous UL CA HPUE, we have the following proposals and observations.
Observation 1: Duty cycle based solution and fall back/P-MPR solution were chosen for the closed HPUE topics.
Observation 2: The RAN1 transmission power priority considers both physical channels and cells. It’s difficult to say which cell of Pcell or Scell should be prioritized.
Proposal 1: Duty cycle based SAR solution is used by TDD intra-band contiguous UL CA.
Proposal 2: Total duty cycle capability for the two UL carriers can be reported to the network.
Proposal 3: TDD intra-band contiguous UL CA total duty cycle capability can be defined referring TDD single carrier HPUE  duty cycle capability, i.e. 50% is the default total duty cycle capability and the reported IE can be defined as ENUMERATED {n60, n70, n80, n90, n100}.
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