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Introduction
Intra-band EN-DC for FDD low bands was discussed in Ran4#86 and WF was agreed [1]. WF encouraged to compare different options and in this paper we provide short summary of pros and cons.
Discussion
The options discussed for intra-band EN-DC are as follows:
A) Two TX with two antennas

B) Two TX with power combiner and one antenna

C) Single TX with TDM between NR and LTE sub blocks

D) Single TX with FDM between NR and LTE sub blocks

Options A and B provide full flexibility in terms of timing and power control. Options C and D share the same RF HW but operation is different and modem and transceiver HW implementation may have differences. Option D supports also option C. 

Two antennas have been ruled out for DC_(n)71 since handset formfactor can not accommodate two good TX antennas due to long wavelength of 600 MHz center frequency. 

Option B is burdened by power combined which has theoretical 3 dB loss and some conducted losses on average totalling 3.5 dB losses. The combiner can be bypassed for standalone LTE or NR operation and with type 1 UE (dynamic power sharing capable) the bypassing can be dynamic whenever there is UL grant only for the other RAT. For this case, the power control maybe slightly problematic since even if there is low power grant on the other RAT, combiner must be switched on and then 3.5 dB loss must be compensated in the power control but maximum power degradation is always there. This will require slot boundaries to be aligned since combiner can not be switched during UL transmissions. Also Power class for EN-DC needs a new definition so that for simultaneous UL, maximum combined power is 23 dBm but neither of the RATs power can exceed 20 dBm regardless of other RATs power. Type 1 UE performance then reverts to Type 2 UE (static power sharing capable) with worse energy efficiency due to the combiner. We have assumed that 26 dBm PAs are not considered for this option.
Option C causes some throughput loss because of TDM both RATs in FDD band but provides best coverage since both RATs can operate with full power. In RAN plenary WF [3] which enabled work for ULSUP, intra-band EN-DC was considered as different case. Technically, option C needs same functionality for UL in conjunction with simultaneous reception in different channel on same band. Since the intent of the language in WF [3], it is unclear if option C is enabled by other workgroups. 
Option D is burdened by severe MPR problem and scheduler must work around those to have predictable power control behaviour in UE. The coverage is limited since at max power may not be reached with out impact to sensitivity. We have a separate paper discussing MPR. This option also includes some open issues regarding network behaviour. The assumption in MPR and MSD work has been that PSDs (power / RB when SCS are same) are equal and time alignment is perfect between LTE and NR. It is unclear if network can guarantee this and if it can, what is accuracy expected, or should UE discard NR power control and TA information and follow LTE. If network is to guarantee alignment in both cases, how would UE internal inaccuracies be accounted for and what is expected UE behaviour if there are inaccuracies that cause MTTD to be non-zero? Even if deployment is co-located, higher order modulation will need higher power at the BS receiver, perhaps up to 20 dB higher, will modulation order and coding rate be always equal between LTE and NR? 

For the open items, RAN4 can either send LS to RAN1 and ask are there mechanisms to guarantee this operation between the networks or then write assumptions to RAN4 requirements when UE performance is guaranteed. In the latter option, discussion is needed what is expected UE behaviour when conditions are not satisfied. Latter options also rules out type 2 UE’s since UE can not perform fast coordination between radios.  

One possible solution is to define combined option C and D where C is used when power is exceeds a value defined by MPR&MSD study. This is then close to type 1 UE behaviour with the exception that power level to switch from simultaneous 2 UL to TDM is more complex than Power class EN-DC (X_Total). Regardless of options, RAN4 should clarify what kind of coordination can be expected from network and we have crafted drat LS to address these concerns. 

One of the assumptions made for MSD work is that UL allocation over the NR and LTE sub blocks is contiguous. This will require coordination between networks and for example PUCCH on LTE disables any allocation in NR in almost all cases.  

Proposal: RAN4 to ask RAN1 if the following assumptions are valid for intra-band EN-DC

A) MTTD is zero i.e. all symbol boundaries are aligned to prevent amplitude changes during symbol 
B) PSD (Power Spectral Density i.e. power / kHz) of the LTE and NR UL signals at the PA are equal
C) Can operation be limited to contiguous RB allocation across sub blocks?
D) Can TDM UL operation between NR and LTE on intra-band EN-DC FDD band on different channels is possible, when DL is operated simultaneously in FDM manner in different channels? 

Conclusion
Options for intra-band EN-DC was discussed and one proposal was made
Proposal: RAN4 to ask RAN1 if the following assumptions are valid for intra-band EN-DC
A) MTTD is zero i.e. all symbol boundaries are aligned to prevent amplitude changes during symbol 
B) PSD (Power Spectral Density i.e. power / kHz) of the LTE and NR UL signals at the PA are equal
C) Can operation be limited to contiguous RB allocation across sub blocks?
D) Can TDM UL operation between NR and LTE on intra-band EN-DC FDD band on different channels is possible, when DL is operated simultaneously in FDM manner in different channels? 
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