
3GPP TSG-RAN WG1 AH 1801

R1-1800958
Vancouver, Canada, Jan 22 – 26, 2018
Source:
Ericsson

Title:
Remaining issues for LTE-NR power sharing
Agenda Item:
7.6.1
Document for:
Discussion and Decision
1. Introduction

In this document we discuss remaining issues for finalising the specification of LTE-NR power sharing for NSA considering status in RAN1,2,4 WGs and latest agreements from RAN.  

2. Discussion
2.1. Background
In RAN1 NR AH#2, the following was agreed
Agreements:

· Regarding power sharing for LTE-NR dual connectivity, support at least semi-static power sharing between LTE and NR

· FFS details

· Discuss further whether or not to support dynamic power sharing between LTE and NR

· Discuss further impacts due to other factors, e.g., different TTI lengths, channel/service types, synchronous vs. asynchronous, different processing latency for LTE vs. NR, assumption regarding communication between NR vs. LTE at UE, specification impact to LTE (if any) and/or NR, etc. 

In RAN1#90, based on discussions in e.g. [1], [2], [3], the following was agreed

Agreements:
· At least for LTE-NR NSA operation

· Maximum allowed power values for LTE (P_LTE) and NR (P_NR) are set separately

· i.e., when UE is configured for NR, P_LTE can be configured up to P_cmax and  P_NR can be configured up to P_cmax. 

· e.g. P_LTE + P_NR > P_cmax or P_LTE + P_NR = P_cmax

· Signaling details for P_LTE, P_NR are left to RAN2, RAN4.

· Note: ‘P_cmax’ is a limit that is similar to ‘The configured maximum UE output power’ that was specified for LTE.

· Note: The network will still have flexibility to prioritize or reserve certain NR transmission power depending on network implementation
· All UEs are mandated to handle P_LTE + P_NR = P_cmax while handling of P_LTE + P_NR > P_cmax depends on UE capability
· At least, when DL/UL LTE sTTI/reduced UE processing time based operation is not configured for the UE, if total transmit power exceeds P_cmax when there is simultaneous NR and LTE UL tx, 

· For NR, UE scales down/drops NR transmission and NR power scaling details are left to UE implementation (note: it is not intended to have RAN4 test from RAN1 perspective)
· If there are two or more UL carriers, the power scaling or tx dropping can be performed for each of the UL carriers separately or jointly up to UE implementation

· For LTE, no change in power control procedure

· FFS the case when DL/UL LTE sTTI/reduced UE processing time based operation is configured for the UE

· The following is FFS

· The case when P_NR is configured such that P_NR < P_cmax, and UE can use power up to P_cmax in NR when it knows that there will be no UL transmission in LTE by semi-static configuration (e.g., measurement gap, DL/UL configuration)

In RAN1#91, based on discussions in e.g. [4], [5], the following was agreed

Agreement:
For LTE/NR NSA operation,
· If this UE supports dual UL operation and also supports single UL operation with Case 1 HARQ timing, RRC signaling can configure a UE to operate in one of the following modes:

· Dual UL operation

· Single UL operation with Case 1 HARQ timing

· Single UL operation with Case 2 HARQ timing

· For UE supporting single UL operation and with Case 1 HARQ timing if UE does not support power scaling for LTE-NR DC with P_LTE+P_NR>Pcmax, UE shall support the following two operations:

· Operation A with Case1: P_LTE + P_NR > Pcmax, in which case the UE assumes that no NR UL transmission takes place in an UL subframe/slot that is designated as LTE UL in the Case 1 reference TDD configuration

· Operation B with Case1: P_LTE + P_NR <= Pcmax, in which case NR UL can be scheduled in any UL subframe/slot (while the UE behaviour in case of being simultaneously scheduled on LTE and NR uplinks is not specified) 

· The operation A vs operation B configuration is implicitly determined based on P_LTE and P_NR
· Note that the above agreement does not affect the current status on the optional/mandatory support of power scaling for LTE-NR DC with P_LTE + P_NR > Pcmax
· Note that the above agreement can become obsolete if power scaling for LTE-NR DC is mandated to all UEs

Finally, in RAN#78 the following was endorsed based on [6].

· Proposal 1
· Agree to introduce Rel-15 capability signaling to indicate whether the UE supports dynamic EN-DC power sharing
· Dynamic power sharing means that the UE can operate with P_LTE + P_NR > P_powerclass configuration 
· Agree that the intent is to make dynamic EN-DC power sharing mandatory at a future time
· Check any possible updates on status above in March
· Proposal 2
· For UEs without dynamic LTE-NR power sharing capability, the support of single UL operation (Operation A with Case 1 in Slide 5) is mandatory with capability signalling
· Single UL operation is optional for dynamic power sharing capable UEs
2.2. Summary of power sharing scenarios
Table 1 below summarizes our view on possible power sharing scenarios considering different allowed combinations of dynamic power scaling capability+ P_LTE/P_NR setting + configuration of Single UL operation (SUO), as per the agreements given in section 2.1.

Table 1 – Summary of power sharing scenarios

	Scenario name
	Dynamic power scaling capability
	SUO related capability
	SUO configuration
	P_LTE+P_NR configuration
	Expected UE behavior
	Comments

	I (Dynamic)
	supported
	any capability is OK
	any config is OK (but no need to config SUO).
	any config is OK (but no need to configure P_LTE, P_NR lower than P_powerclass).
	If UE tx power across LTE and NR exceeds P_cmax, UE scales down/drops NR transmission (scaling details left to UE implementation and no RAN4 requirements to test exact UE behavior). No change to LTE side.
	Best possible performance can be obtained on LTE and NR side and this is the intended mode of operation for LTE-NR NSA. Some UE vendors may not support this right now due to implementation constraints.

	II-A 
(semi-static no SUO)
	not supported 
	suo-case1 should be mandatorily supported 
(as per RP-172833)
	not configured
	does not exceed P_powerclass
	UE operates similar to lower power class UE on LTE side when configured with LTE-NR NSA
	Negative impact on LTE coverage when configured with LTE-NR NSA. Alternately, LTE-NR NSA can only be configured for very good coverage UEs.

When P_LTE+P_NR does not exceed P_powerclass but exceeds P_cmax, since the NW does not know P_cmax NW will have to operate with some ambiguity when using case II-A configuration(?)

	II-B
(semi-static no SUO)
	not supported 
	suo-case1 should be mandatorily supported 
(as per RP-172833)
	not configured
	exceeds P_powerclass
	UE treats this as misconfiguration(?)
	NW should not configure this. Should we capture anything about this in the spec (?)  

	III-A
(semi-static with SUO)
	not supported 
	suo-case1 should be mandatorily supported 
(as per RP-172833)
	configured 
	does not exceed P_powerclass
	UE operates similar to lower power class UE on LTE side when configured with LTE-NR NSA 
In slots where LTE UL and NR UL overlap -  UE behavior on NR side is unspecified (as per RAN1#91 agreement, see slide 6 in RP-172833).

	Negative impact on LTE coverage when configured with LTE-NR NSA. Alternately, LTE-NR NSA can only be configured for very good coverage UEs.

Regardless of whether LTE is in FDD or TDD band, LTE is operated using TDD HARQ timing depending on NW implementation. 

UE should support and be tested for FDD-TDD CA (TDD Pcell) features on LTE side to be configured with LTE-NR NSA (?)
When P_LTE+P_NR does not exceed P_powerclass but exceeds P_cmax, since the NW does not know P_cmax NW will have to operate with some ambiguity, but since UE behavior is anyway undefined for this case during LTE-NR UL overlap, perhaps there is no net increase in NW side ambiguity due to this(?)

	III-B
(semi-static with SUO)
	not supported 
	suo-case1 should be mandatorily supported 
(as per RP-172833)
	configured 
	exceeds P_powerclass
	In slots where LTE UL and NR UL overlap - UE assumes there are no NR transmissions (as per RAN1#91 agreement, see slide 6 in RP-172833)

In slots where LTE UL and NR UL do not overlap - UE can reach ‘full power’ on either LTE or NR.


	semi-static TDM between LTE and NR. 

Regardless of whether LTE is in FDD or TDD band, LTE is operated using TDD HARQ timing depending on NW implementation, 

UE should support and be tested for FDD-TDD CA (TDD Pcell) features on LTE side to support LTE-NR NSA (?)




2.3. Finalization of Specifications
2.3.1 RRC impact

The following power sharing related parameters need to be configured via RRC. 
· P_LTE: Maximum allowed power value for LTE
· This needs to be signaled at least within LTE RRC. 
·  P_NR: Maximum allowed power value for NR
· This needs to be signaled at least within NR RRC
· Power scaling for LTE-NR DC: Indicates whether UE can support dynamic power scaling or not

· This is present in current UE feature list noted in RAN1 (R1-1721707)

In addition to the above parameters, power sharing is also linked to SUO operation related parameters i.e., 
· suo-duo-mode; 
· SUO-case1 
The above two parameters are described in RRC parameter LS (R1-1721581) sent to RAN2.  It is our understanding that the LTE side of the UE informs the NR side about the TDD patterns associated with SUO operation, and NR side uses this information to determine LTE UL subframes/slots for power sharing operation via Case1 Approach A agreed in RAN1#91.
2.3.2 38.213 impact
Current version of 38.213 defines P_LTE (p-MCG) and P_NR(p-SCG) as below
“If a UE is configured with a MCG using LTE radio access and with a SCG using NR radio access, the UE is configured by higher layer parameter p-MCG a fraction 
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 as defined in [8, TS 38.101]. ”
P_cmax is a parameter computed within the UE and is generally not known to the NW accurately. Also, since it is unclear whether UE LTE side will be aware of P_cmax computed by UE on NR RAT (and vice versa), it cannot be assumed that the P_cmax seen by the UE LTE and NR side are the same (pending RAN4 discussions).
Also, as explained during the 38.213 CR discussion, the motivation of LTE-NR power sharing agreements is to keep the LTE connection predictable as much as possible when UE is power limited. The approach used in current 38.213 does not allow this as explained by the example in Annex A.
Given the above discussion, we propose the following 

Proposal 1

· RAN1 agrees between one of the below two approaches to capture P_LTE and P_NR in the specifications (both approaches do not link P_LTE, P_NR to P_cmax).

· Approach 1: P_LTE and P_NR configured are separately via UE specific RRC (i.e., as dBm numbers with similar value range as p-Max in LTE)
· This is our preferred approach.

· Approach 2: P_LTE and P_NR are defined as fraction of P_powerclass. 

· Here the assumption is UE will report same P_powerclass value for LTE and NR side
. 

· P_LTE=gamma_MCG* P_powerclass; P_NR=gamma_SCG* P_powerclass

· gamma_MCG and gamm_SCG are configured via UE specific RRC. (value range is similar to LTE gamma_MSG, gamma_SCG configuration).

· Once an agreement is made in RAN1, communicate the decision to RAN4, RAN2 for confirmation and for including the parameters in RRC spec.

Also, power scaling is captured in current 38.213 as follows

“…denoting by
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 the linear values of the total UE transmit power that the UE calculates according to [13, TS 36.213] for the MCG and according to Subclauses 7.1 through 7.5 for transmissions on the MCG and on the SCG, respectively, and if the UE is not configured for operation with shortened TTI and processing time on the MCG [13, TS 36.213], the UE sets 
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According to the text, the UE is required to exactly compute the remaining power for NR after taking into account the LTE transmission power. 
However, according to the agreements made so far -- say total available power is 200mW (i.e., 23dBm); if NW requests 190mW on LTE side and 200mW on NR side, UE should transmit 190mW on LTE side, and for NR, UE can scale down or drop the NR transmission such that its total power doesn’t exceed 200mW. i.e., the agreements do not mandate the UE to compute exact remaining power and transmit NR at 10mW as per P_SCG equation in above specification text. Since the spirit of the agreements was to leave NR power scaling details to UE implementation as much as possible (with the expectation that this will expedite the chances of more UEs implementing dynamic power scaling sooner rather than later), we prefer that the specification text does not exceed the level of detail provided in the agreement for this instance. 

Finally, while section 7.6 explains P_MCG and P_SCG computation, the computed values are not used anywhere in the current version of the spec, i.e., they do not impact P_PUSCH, P_PUSCH, P_SRS power setting. So, the description of the P_MCG and P_SCG computation is also somewhat redundant in the current version of the spec.
Given the above, we prefer that power sharing is captured using as a simple sentence shown below, instead of the exact computation in the spec. Below text is similar to the handling of UE power scaling for “small overlap portions” in LTE where also detailed behavior was left to UE implementation. 

“ …. if the total transmission power of the UE exceeds ‘P_cmax’, UE shall adjust the power of NR transmission such that the total transmission power of the UE does not exceed ‘P_cmax’ during the overlapped portion” 
Overall, we propose the TP shown in section 3 reflecting corrections to current version, to accurately capture the LTE-NR power sharing agreements in 38.213.

3. Conclusions and TP
In this document, we discuss issues for finalising the specification of LTE-NR power sharing for NSA and propose the following.
Proposal 1

· RAN1 agrees to one of the below two approaches to capture P_LTE and P_NR in the specifications (both approaches do not link P_LTE, P_NR to P_cmax).
· Approach 1: P_LTE and P_NR are configured separately via UE specific RRC (i.e., as dBm numbers with similar value range as p-Max in LTE)
· This is our preferred approach.

· Approach 2: P_LTE and P_NR are defined as fraction of P_powerclass. 

· P_LTE=gamma_MCG* P_powerclass; P_NR=gamma_SCG* P_powerclass
· gamma_MCG and gamm_SCG are configured via UE specific RRC. (value range is similar to the range used for LTE gamma_MCG, gamma_SCG).

· Once an agreement is made in RAN1, communicate the decision to RAN4, RAN2 for confirmation and for including the parameters in RRC spec.

Text Proposal 1

====== start Text Proposal for 38.213 ==============
7.6
Dual connectivity Power sharing for LTE-NR NSA operation 

If the UE indicates support for <Power scaling for LTE-NR NSA? DC>, and if UE NR transmission(s) overlap with LTE transmission(s), and if the total transmission power of the UE exceeds 
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, UE shall adjust the power of NR transmission(s) such that the total transmission power of the UE does not exceed 
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during the overlapped portion.

If the UE does not indicate support for <Power scaling for LTE-NR DC>, and if the UE is configured with case 1 for <SUO-DUO-mode>, and if the UE is configured with higher layer parameters <P_LTE> and <P_NR> such that the sum of values of <P_LTE> and <P_NR> exceeds 
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, the UE is not required to transmit any physical channels or signals corresponding to NR RAT in slots for which the corresponding subframes on LTE RAT include UL symbols.

If the UE does not indicate support for <Power scaling for LTE-NR DC>, and if the UE is not configured with case 1 for <SUO-DUO-mode>, the UE is not expected to be configured with higher layer parameters <P_LTE> and <P_NR> such that the sum of values of <P_LTE> and <P_NR> exceeds PPowerclass, where PPowerclass, is the value of power class reported by the UE as described in [8].

If a UE is configured with a MCG using LTE radio access and with a SCG using NR radio access, the UE is configured by higher layer parameter p-MCG a fraction 
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 as defined in [8, TS 38.101]. 

If a UE is provided a higher layer parameter suo-duo-mode that is set to case1 and if 
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, the UE does not transmit in a slot on the SCG for which a corresponding subframe on the MCG includes UL symbols. If a UE is configured a higher layer parameter suo-duo-mode that is set to dual, denoting by
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 the linear values of the total UE transmit power that the UE calculates according to [13, TS 36.213] for the MCG and according to Subclauses 7.1 through 7.5 for transmissions on the MCG and on the SCG, respectively, and if the UE is not configured for operation with shortened TTI and processing time on the MCG [13, TS 36.213], the UE sets 
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====== end Text Proposal for 38.213 ==============
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5. Annex A - P_LTE and P_NR 
Below we give an example to explain the issue with P_LTE, P_NR definition used in current 38.213 in more detail (Note - similar issue exists even when other values are chosen for P_LTE and P_NR, e.g. P_LTE=21dBm; P_NR=23dBm)

Example
Say, UE power class is 23dBm and NW wants to operate with maximum allowed power for LTE and NR such that P_LTE=20dBm and P_NR=20dBm respectively. When P_cmax  = 23dBm this can be achieved in one of the following two ways 
· According to direct approach (i.e., P_LTE and P_NR are set separately as per RAN1#90 agreement) -  NW sets P_LTE=20dBm and P_NR=20dBm via UE-specific RRC. 

· According to fractional approach (i.e., text in current 38.213 version) - the above can be achieved by a configuration where NW sets gamma_MCG=1/2 and gamma_SCG=1/2, and then, P_LTE=23dBm(P_cmax)-3dB=20dBm; P_NR=23dBm(P_cmax)-3dB=20dBm. 

However, the two approaches differ on how P_LTE and P_NR are impacted when there is a change in P_cmax. Say, P_cmax changes, e.g.  it goes down by e.g. 3dB to P_cmax =20dBm due to A-MPR/MPR or other backoffs. Then if the NW schedules UE transmissions that require the UE to transmit at 20dBm on LTE, and 20dBm on NR, the approaches differ as follows

· According the direct approach (i.e., setting P_LTE and P_NR separately as per RAN1#90 agreement) : P_LTE=20dBm; and P_NR=20dBm; UE LTE transmission is made with 20dBm without any scaling; UE NR transmission is dropped (given the power scaling part of the RAN1#90 agreement)

· According to fractional approach (i.e., based on current 38.213 text): P_LTE = 20dBm (P_cmax)-3dB=17dBm and P_NR = 20dBm (P_cmax)-3dB=17dBm; UE LTE transmission is made with 17dBm; UE NR transmission is made with 17dBm.

The motivation of the RAN1#90 agreement is to preserve LTE connection and keep it predictable as much as possible when UE is power limited, and from above example, the fractional approach is not consistent with this framework. So, although this approach (i.e., gamma_MCG, gamma_SCG) was used for for Rel12 LTE-LTE DC, the power sharing mechanism for LTE-NR NSA operation is based on a different framework and reusing the LTE-LTE DC approach is not suitable for LTE-NR NSA operation.
� While this assumption will not generally hold true for LTE in FR1 and NR in FR2, power sharing so far has been discussed only for FR1+FR1 context, and for this case, the UE is generally expected to report the same power class (although even this is not a certainty for all cases – hence our preference for Approach 1).
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