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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 RAN1#94bis meeting [3], there were discussion on the power control mechanism for SUO case 1 operation NE-DC, and the following agreements were achieved.
	Agreement:
Rel-15 NE-DC supports the following cases that have been defined for EN-DC:
· SUO case 1 and case 2 operation
· Semi-static power allocation
· Dynamic power sharing
· Type 1 and Type 2 defined for EN-DC are also defined for NE-DC
Agreement:
For SUO Case 1, functionality for EN_DC can be reused
Agreement:
For NE-DC, the parameters P_LTE and P_NR specified for EN_DC power sharing can be reused.


While for NE-DC with dynamic power sharing, a couple of options were discussed and no consensus was reached in the last meeting. Thus in this contribution, the remaining details on NE-DC dynamic power control are discussed. Besides, some considerations on EN-DC power control are also provided.
[bookmark: _Ref129681832]Discussion 
On NE-DC power control
For NE-DC dynamic power sharing, the following agreements were achieved in RAN1#94bis meeting.
	Agreement:
For NE-DC dynamic power sharing, different maximum transmit power for LTE in subframes where there is a possible overlap and there is not an overlap with NR UL symbol(s) is supported.
· Note: Whether there is a possible overlap or not between LTE and NR UL is assumed to be known on a semi-static basis.
· Note: LTE power is not assumed to vary in a subframe
· FFS: Option 1a, 1b below or some combination of these
· Options 1.5, 2 and 3 below as well as other enhancements to option 1a and 1b can be further discussed


[bookmark: OLE_LINK60][bookmark: OLE_LINK61]Regarding all the five options mentioned in the above agreement, the comparisons are given below:
· Option 1a: A minimum guaranteed power can be reserved for LTE to ensure its basic transmission requirement. Considering that the HARQ timing for LTE is fixed to be n+4, applying power reservation for LTE can maintain HARQ-ACK transmission which is beneficial to ensure all LTE DL subframes to be available for PDSCH transmission. Moreover, introducing a fraction factor r makes the power configuration for LTE more flexible, and it also proffers more freedom for network to adjust the ratio of power utilization between NR and LTE.
· [bookmark: _GoBack]Option 1b: The difference from option 1a is that no additional RRC signaling is introduced. But for LTE UL subframes that are not overlapped with NR UL durations, the power limit shall be determined by Pcmax for EN-DC. It is necessary to stress that according to RAN4 discussion the Pcmax for EN-DC is likely to be only defined for the case where LTE UL subframes are overlapped with NR UL slots. It may not be defined for the other case. As a result, option 1b does either not work or require additional RAN4 works. Besides, if the Pcmax in the agreement is referred to p_total, then it may possibly cause some restrictions. For example, if network wants to reduce the maximum transmit power for LTE UL subframes that are not overlapped with NR UL, the network has to configure a smaller p_total to the UE. In this case, the maximum transmit power for NR UL slots will be also reduced. Namely, option 1b is less flexible than option 1a.
· Option 1.5: In this option, the LTE power is always limited by the same maximum transmit power regardless of overlapped subframes or not in this option. Obviously, such option has already been precluded by current agreement. 
· Option 2: This solution requires UE to have the capability of fast LTE power adjustment, and have significant impact on the LTE power control procedure. Besides, LTE will drop a large number of subframes when NR uses most amount of the total transmit power, especially for the asynchronous case..
· Option 3: This option has the same drawbacks as mentioned for option 2, and will also cause significant impact to the LTE power control procedure. Therefore, different UE capabilities need to be defined.
Based on above analysis, it is preferred to adopt option 1a for NE-DC UE that is capable of dynamic power sharing.
Proposal 1: Support option 1a for NE-DC dynamic power sharing.
On EN-DC power control
In RAN#80 meeting, the following decision was made.
	The following conditions should be used when improving the RAN4 Inter-band EN-DC Configured Output Power requirements:
· UE is allowed to drop NR only if the power scaling applied to NR means that the difference between scaled and unscaled NR UL power is more than XdB. In other cases the UE does power scaling of NR UL.
· X dB is RRC configured parameter with 4 fixed values and X is [0, 2, 4 or 6] dB. The UE has to be able to support all these 4 configurable X values.
· This threshold X dB does not limit the UE performance but only defines the UE minimum performance (i.e. UE can perform better than the minimum performance)


This issue has been discussed in the last RAN1 meeting, and is desired to be resolved in RAN1#95 meeting. The following options are considered:
· Option 1: Define additional RRC signaling to support configuration of 3 separate power scaling thresholds, including
· X1-dB for PUSCH
· X2-dB for PUCCH
· X3-dB for SRS
· Option 2: Clarify that X-dB threshold only applies to PUSCH
· Option 3: X-dB threshold applies to all channels
· Option 4: Use of X-dB is TBD (by RAN1 and/or RAN4), only impacts RAN4 specification, no impact to RAN1 specs
For option 1, separate power scaling thresholds are defined for different UL channels/signals, and this option is motivated by the issue of varying SRS power during uplink beam measurement assisting codebook and non-codebook based PUSCH transmission. Note that, a UE transmits all SRSs for different UL beams or Tx antenna in the same slot in Rel-15. Thus, UE can always assure the same transmit power for all these SRS even power scaling is performed. Then it is feasible for network to perform UL beam selection based on the received SRS regardless of power scaling. Hence, it can be observed that performing power scaling for SRS is better than dropping them directly. In addition, in the case of uplink CA, UE is allowed to scale down the transmission power of SRS if the total UE transmit power of multiple uplink carriers exceeds the maximum transmit power. Thus, scaling down the transmit power for SRS can also be effective for EN-DC. If option 1 is adopted, another power scaling threshold may be introduced for PRACH, e.g., X4-dB for PRACH. Apparently, such approach would increase the implementation complexity at both UE and network sides. For simplicity, it is preferred to define a common threshold for all types of channels/signals in order to minimize the UE complexity and reduce specification workload. 
Proposal 2: It is preferred to define a common threshold, i.e., X-dB that applies to all channels.
On synchronization for Intra-band EN-DC 
As for the mechanisms to achieve synchronization intra-band EN-DC, the UE RF architecture shall be taken into account. In particular, for UE with two power amplifiers that are used for LTE and NR transmission, respectively, tolerance of timing difference can be defined by RAN4 similar to inter-band EN-DC. If the UE only has one power amplifier for contiguous intra-band EN-DC, less tolerance or even zero timing tolerance may be required. 
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 make changes for TS 38.213 to align with RAN2 and RAN4 description. 
Proposal 3: Adopt the changes in the accompanied Draft_CR_1.

Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, remaining details on NE-DC and EN-DC are discussed. The following proposals are given:
Proposal 1: Support option 1a for NE-DC dynamic power sharing.
Proposal 2: It is preferred to define a common threshold, i.e., X-dB that applies to all channels.
Proposal 3: Adopt the changes in the accompanied Draft_CR_1.
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