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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
During March 2017 RAN plenary meeting, it was agreed to support co-existence of LTE UL and NR UL within the bandwidth of an LTE component carrier. The relevant part in the latest WID [1] is copied below:
	[bookmark: OLE_LINK79][bookmark: OLE_LINK80][bookmark: OLE_LINK81]-	NR-LTE co-existence mechanisms [RAN1, RAN2, RAN4];
-	Support co-existence of LTE UL and NR UL within the bandwidth of an LTE component carrier and co-existence of LTE DL and NR DL within the bandwidth of an LTE component carrier, and identify and specify at least one NR band/LTE-NR band combination for this operation.
-	Minimize impact to NR physical layer design to enable this co-existence.
-	No impact to the ability of legacy LTE devices to operate on the LTE carrier co-existing with NR
-	No implication that all UEs have to support simultaneous connection of NR and LTE in the bandwidth of an LTE component carrier, in accordance with RP-172104


In RANP#80 meeting, the Rel-15 work item exception for new radio access technology was summarized and approved, and all the task captured in [2] is expected to be completed in December 2018. The RAN1 related aspects including LTE-NR coexistence are copied below.
	For other options:
· NR-E-UTRA DC via 5G-CN where the NR is the master (Option 4 series)
· E-UTRA-NR DC via 5G-CN where the E-UTRA is the master (Option 7 series)
Further details for each WG are shown in below
· RAN1
· Option 4:
· Evaluate whether new design on power control, multiplexing, etc. for both LTE & NR specs
· Strive for minimum RAN1 specification impact
· Some (limited) RAN1 meeting time is expected
· NR-NR Dual Connectivity
· Synchronous operation
· Minimum RAN1 impact and no HW impact
· No PUCCH-SCell


In this contribution, we first identify the potential RAN1 specification impact of supporting NE-DC and provide our preference on the approaches. And then, some remaining issues on EN-DC are discussed. 
[bookmark: _Ref129681832]Discussion 
On NE-DC with architecture Option 4 series
[bookmark: OLE_LINK60][bookmark: OLE_LINK61]For Rel-15 EN-DC, the corresponding RAN1 specification impact only lies in the aspect of UE power control including single UL transmission mechanism. Considering that the main difference between NE-DC and EN-DC is the RAT selection of MCG, i.e., NR is the MCG in NE-DC while LTE is the MCG in EN-DC, the potential RAN1 impact of supporting NE-DC is limited within the same aspect, i.e., power control. 
Note that, different power control mechanisms are specified in Rel-15 for EN-DC UE with different power sharing capabilities. For UE incapable of dynamic power sharing, UL power control is operated independently for LTE and NR since power utilization information cannot be exchanged between UE’s LTE and NR modems. Regarding current power control mechanism, p_LTE and p_NR are configured to restrict the maximum allowed transmit power for each side of LTE and NR. On the condition that the sum of p_LTE and p_NR is not larger than the total power limit, no specific UE behavior is defined because there is no chance for the total UE transmit power of LTE and NR exceeding the power limit. When the sum of p_LTE and p_NR is larger than the total power limit, time division multiplexing (TDM) mechanism was adopted with Case 1 operation, where UE shall perform LTE and NR UL transmission in different UL time duration and no concurrent multi-RAT UL transmission will occur. 
For EN-DC UE incapable of dynamic power sharing, current power control and TDM mechanism is independent of MCG or SCG configuration, thus the same mechanism can be directly applied to NE-DC UE which is not capable of dynamic power sharing. Then we give the following proposal.
Proposal 1: Power control with Case 1 operation which has been specified for EN-DC is also applied to NE-DC.
For EN-DC UE that is capable of dynamic power sharing where power utilization information can be exchanged between LTE and NR modems, the UE can scale down or drop NR transmissions if the total transmit power would be higher than its supported maximum transmit power. Namely, LTE is prioritized over NR. 
When it comes to NE-DC, NR shall have higher priority than LTE since the gNB plays the role similar to MeNB in EN-DC. In this case, it is proper to prioritize NR UL over LTE UL in the power control procedure. A straightforward approach can be that UE scales down or drops the signal of LTE transmission when total transmit power exceeds power limit in concurrent UL transmission. 
Proposal 2: NR is prioritized over LTE for NE-DC in dynamic power sharing.
Besides, in the last RAN1 meeting, the power control scheme by introducing a minimum guaranteed power for LTE was discussed, where a fraction factor r can be configured to LTE. Then, for an LTE subframe that overlaps with any valid NR UL symbol(s), the LTE power limit Pcmax can be equal to p_LTE*r. And for other LTE subframes, Pcmax still keeps p_LTE. While for NR, it can adjust the power limit by removing the actual used power by LTE since it can obtain the dynamic power utilization information of LTE. Considering that the HARQ timing for LTE is fixed to be n+4, applying power reservation for LTE can maintain basic performance for HARQ-ACK transmission which is beneficial to ensure all DL subframes at LTE side to be available for PDSCH transmission. But the following two aspects shall be carefully considered:
· How UE determines the subframe(s) with a smaller Pcmax
If letting the UE determine the subframes based on the configured slot format for NR, additional information shall be exchanged between LTE and NR modems at the UE side. An alternative can be that network directly configures the UL subframes with smaller power limit to the UE along with the signaling of the fraction factor r, and such approach can avoid introducing extra information exchanging between LTE and NR.
· The value range of r
For UE capable of dynamic power sharing, since NR modem can acquire the dynamic power utilization of LTE in a dynamic manner, thus NR modem can perform power reduction to ensure total power limit. Note that, the transmit power at NR side shall be not smaller than p_total – p_LTE*r, where p_total denotes the total power limit of NE-DC. Considering that NR is the MCG in NE-DC, the value of r is preferred to be a small value in order to allocate more available transmit power for NR.
On E-UTRA-NR DC via 5G-CN (Option 7 series)
For E-UTRA-NR DC via 5G-CN (NGEN-DC), i.e., Option 7 series, the difference from Option 3 series is the core network where 5G core network is used instead of LTE core network. Note that, for both two options, LTE is MCG and NR is SCG. Thus from RAN1 perspective, there is no difference between these two options, and both EN-DC and NGEN-DC should be covered by RAN1 specifications, e.g., TS 38.213. 
Observation: From RAN1 perspective, NGEN-DC with Option 7 series is already supported in NR Rel-15.
Proposal 3: RAN1 specifications, e.g., section 7.6 in TS 38.213, should cover both EN-DC and NGEN-DC.
On intra-band EN-DC power control
According to the RAN4 MPR and A-MPR design, EN-DC UE that is capable of dynamic power sharing shall determine the MPR/A-MPR of either LTE or NR based on the actual allocation information of the other side. Focusing on the LTE side, UE shall compute the MPR/A-MPR at the time that is 4ms earlier than LTE uplink transmission. Thus for the situation that NR grant arrives less than 4ms prior to the LTE uplink transmission, LTE may not be able to calculate MPR/A-MPR by taking the allocation information of NR into account. It has been discussed in RAN4 to adopt the solution that LTE calculates MPR/A-MPR assuming the worst case in order to ensure the RF requirements to be fully satisfied. But this approach would degrade the performance at LTE side owing to the larger MPR/A-MPR. By now, there is no consensus in RAN4 on the solution for MPR/A-MPR calculation when LTE is not able to acquire the power utilization of NR. However, it is an entire RAN4 issue, and will be resolved by RAN4. It is necessary to stress that RAN1 solution is preferred to be band agnostic. In order to ensure a common approach for EN-DC power control, the corresponding RAN1 specification impact for intra-band EN-DC should be minimized.
Proposal 4: Minimizing RAN1 specification impact for intra-band EN-DC power control.
Correction on EN-DC power control

In RAN1 #AH 1801 meeting, the following agreement was achieved [4]. It was agreed by RAN 1 that maximum total LTE and NR power that the UE should never exceed, i.e.  in TS 38.213, would be defined by RAN4.
	Agreement:
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)
0. P_LTE and P_NR are UE-specific
1. P_cmax for LTE and P_cmax for NR are derived based on P_LTE and/or P_NR (details to be decided by RAN4)
1. RAN4 to define maximum total LTE and NR power in FR1 (X_total) that the UE should never exceed.
1. When dynamic power sharing is used, 
3. If total power for LTE and NR in FR1 exceeds X_total, UE reduces NR transmission power or drops NR transmission so that total power does not exceed X_total
0. Note: As per previous agreement LTE power control procedure is not changed


In RAN4 #86bis meeting, X_total is defined as power class for EN-DC, and  should be introduced for some power limited cases. Then in RAN4 #88 meeting, the agreed CR [5] captures that X_total was defined separately, i.e.  for SUO case 1 TDM and PCMAX(p,q)  for dynamic power sharing where PCMAX(p,q)  is also limited by . 
===Agreed CR Text ====
If the transmissions from NR and E-UTRA do not overlap, then the complete sub-clauses for configured transmitted power for E-UTRA and NR respectively from their own specifications apply with the modifications specified above. The lower value between PPowerClass, EN-DC or PEMAX, EN-DC shall not be exceeded at any time by UE.
If the EN-DC UE is not supporting dynamic power sharing, then the complete sub-clauses for configured transmitted power for E-UTRA and NR respectively from their own specifications 36.101 and 38.101-1 respectively apply with the modifications specified above. The lower value between PPowerClass, EN-DC or PEMAX, EN-DC shall not be exceeded at any time by UE.
When a UE supporting dynamic sharing is configured for overlapping E-UTRA uplink and NR uplink transmissions, the UE can set its configured maximum output power PCMAX_ E-UTRA,c and PCMAX_ NR,c for the configured E-UTRA and NR uplink carriers, respectively, as specified above and its total configured maximum output power PCMAX.
When an UL subframe transmission p from E-UTRA overlap with a slot q from the NR, then for PCMAX (p,q) evaluation, the E-UTRA subframe p is taken as reference period TREF and always considered as the reference measurement duration and the following rules are applicable.
The total UE configured maximum output power PCMAX (p,q) in a subframe p of CG 1 and a scheduling unit (slot) q of CG 2 that overlap in time shall be evaluated for each Teval over the TREF and respect the following upper and lower limits for synchronous and asynchronous operation unless stated otherwise:
PCMAX_ EN-DC _L (p,q)  ≤  PCMAX (p,q)  ≤  PCMAX_ EN-DC _H (p,q)
With

PCMAX_ EN-DC _H(p,q) = MIN {10 log10 [pCMAX H _ E-UTRA,c (p) + pCMAX H,f,c,NR c(q)], PEMAX, EN-DC ,PPowerClass, EN-DC}
And:
If 10 log10 [pCMAX L _ E-UTRA,c (p) + pCMAX L,f,c,,NR c(q)] > MIN { PEMAX, EN-DC ,PPowerClass, EN-DC}
Then 
PCMAX_ EN-DC _L(p,q) = MIN {10 log10 [pCMAX L _ E-UTRA,c (p) ], PEMAX, EN-DC ,PPowerClass, EN-DC}
                        Else
PCMAX_ EN-DC _L(p,q) = MIN {10 log10 [pCMAX L _ E-UTRA,c (p) + pCMAX L,f,c,,NR c(q)], PEMAX, EN-DC ,PPowerClass, EN-DC}
where 
1. pCMAX H _ E-UTRA,c (p) is the E-UTRA higher limit of the maximum configured power expressed in linear scale; 
1. pCMAX H _ NR,c (q) is the NR higher limit of the maximum configured power expressed in linear scale; 
1. pCMAX L _ E-UTRA,c (p) is the E-UTRA lower limit of the maximum configured power expressed in linear scale; 
1. pCMAX L _ NR,c(q) is the NR lower limit of the maximum configured power expressed in linear scale;
1. PPowerClass, EN-DC is defined in sub-clause 6.2B.1.3-1 for inter-band EN-DC;

1. PEMAX, EN-DC is  PMAX, EN-DC value signaled by RRC and defined in [7];

===End of CR Text ====
In RAN2 #103 meeting, it has been agreed that the transmit power available per UE is not only determined by the power class but also by the configured power restriction per UE for FR1, i.e. restricted by min {p-UE-FR1, power class} [6]. The RRC parameter  is named as p-UE-FR1 by RAN2 [7]. According to the above analysis, we propose to align with RAN2 and RAN4 description.
Proposal 5: Adopt the text proposal in Appendix A for TS 38.213.

Conclusions
In this contribution, we discuss remaining issues on LTE-NR coexistence including details for NE-DC and EN-DC. The following proposals are given:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation: From RAN1 perspective, NGEN-DC with Option 7 series is already supported in NR Rel-15.

Proposal 1: Power control with Case 1 operation which has been specified for EN-DC is also applied to NE-DC.
Proposal 2: NR is prioritized over LTE for NE-DC in dynamic power sharing.
Proposal 3: RAN1 specifications, e.g., section 7.6 in TS 38.213, should cover both EN-DC and NGEN-DC.
Proposal 4: Minimizing RAN1 specification impact for intra-band EN-DC power control.
Proposal 5: Adopt the text proposal in Appendix A for TS 38.213.

References
[bookmark: _Ref450662982][bookmark: _Ref457851771][bookmark: _Ref450661959][bookmark: _Ref167612875][bookmark: _Ref167612671]RP-172115, “Revised WID on New Radio Access Technology”, Sapporo, Japan, Sep. 11 - 14, 2017.
RP-1181473, “Rel-15 Work Item Exception for New Radio Access Technology - Core”, La Jolla, USA, June 11 – 14, 2018.
R1-1807805, “LS on RAN4 agreement on intraband EN-DC A-MPR”, RAN4
[bookmark: OLE_LINK62]3GPP TSG RAN WG1, “Final Report of 3GPP TSG RAN WG1 AH 1801”, Vancouver, Canada, January 22 – 26, 2018.
R4-1811484, “Pcmax for Rel-15 inter-band EN-DC within FR1”, Gothenburg, Sweden, August 20 – 24, 2018.
R2-1813401, “Reply LS on power class for FR1 EN-DC and NR CA”, Gothenburg, Sweden, August 20 – 24, 2018.
R2-1813282, “Power class and P-max”, Gothenburg, Sweden, August 20 – 24, 2018.


Appendix A: Text proposals for TS38.213
-------------------------------------< Start of text proposal for TS38.213 >------------------------------------------
7.6			Dual connectivity
7.6.1 EN-DC
---------------------------------------- Unchanged parts omitted --------------------------------------------





If a UE is configured with , where  is the linear value of ,  is the linear value of ,  is the linear value of higher layer parameter p-UE-FR1 as defined in [12, 38.331], and  is the linear value of UE maximum output power for EN-DC operation as defined in [8-3, 38.101-3] for frequency range 1and  is the linear value of a configured maximum transmission power for EN-DC operation as defined in [8-3, TS 38.101-3] for frequency range 1, the UE determines a transmission power on the SCG as follows.
-	If the UE is configured with reference TDD configuration for E-UTRA (by higher layer parameter tdm-PatternConfig-r15 in [13, TS 36.213])
-	If the UE does not indicate a capability for dynamic power sharing between E-UTRA and NR, the UE does not expect to transmit in a slot on the SCG in frequency range 1 when a corresponding subframe on the MCG is an UL subframe in the reference TDD configuration.
-	If the UE indicates a capability for dynamic power sharing between E-UTRA and NR and


-	if the UE transmission(s) in subframe  of the MCG overlap in time with UE transmission(s) in slot  of the SCG in frequency range 1, and


-	if  in any portion of slot  of the SCG, where  is the linear value of a configured maximum transmission power for EN-DC operation as defined in [8-3, TS 38.101-3] for frequency range 1,







	the UE reduces transmission power in any portion of slot  of the SCG so that  in any portion of slot , where  and  are the linear values of the total UE transmission powers in subframe  of the MCG and in slot  of the SCG in frequency range 1, respectively.
-------------------------------------< End of text proposal for TS38.213 >------------------------------------------
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