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Introduction
Intra-band EN-DC configurations have been agreed as part of work item for numerous bands. In this paper, we discuss reference architectures and some issues that need to be considered for whole UE implementation including aspects from power control.   
Discussion

There are six different options for intra-band EN-DC which impact how RAN4 sets requirements. In table 1 we outline the different options. 
Table 1: Intra-band EN-DC options for UL

	Option
	Resource sharing for UL
	CC allocation
	Number TX chains

	A
	FDM
	adjacent
	One

	B
	FDM
	not adjacent
	One

	C
	FDM
	adjacent
	Two

	D
	FDM
	not adjacent
	Two

	E
	TDM
	adjacent
	One

	F
	TDM
	not adjacent
	One

	G
	TDM
	adjacent
	Two

	H
	TDM
	not adjacent
	Two


In addition to options in Table 1, there is Uplink Sharing from UE perspective where resources in same CC can be shared in FDM manner or TDM manner. 

Option A

The option A is essentially is what have been discussed for DC_(n)71B and C and D what have been discussed for DC_(n)41. The RAN4 discussion has been mostly about the MPR work with the assumption that networks are synchronised, and PSDs between LTE and NR are same. There are some further problems with these assumptions.
WF [1] agreed that MRTD is 3 usec for synchronous intra-band networks for EN-DC. The illustration of the situation is in Figure 1. There are some problems such as LNA gains stage switching but this is what has been agreed for UE. TS 38.133 says for MTTD that:

“For intra-band FDD-FDD E-UTRA-NR dual connectivity with collocated deployment, the UE shall be capable of handling a maximum uplink transmission timing difference between E-UTRA PCell and PSCell as shown in Table 7.5.2-1 provided the UE indicates that it is capable of asynchronous dual connectivity [TS 38.331].  

For intra-band TDD-TDD E-UTRA-NR dual connectivity with collocated deployment, only synchronous and collocated operation is allowed, thus no uplink transmission timing difference is applicable.” 
It seems, if UE does not support asynchronous operation, requirements for options A are not defined. Our view is that for option A, synchrounous operation is only possibility. However, it is our understanding that RAN1 has not completed the design how to really achieve the TDD-TDD synchronous operation or also FDD-FDD version of it. It would require dropping NR TAG information completely and relying on e.g. LTE timing commands only. This aspect does not prevent RAN4 from proceeding with work for option A but unless RAN1 solves those problems by end of Rel-15, this feature must be dropped. 
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Figure 1: Timing difference for receiver between two receivers (from [2])

An other problem is how to achieve the equal PSD. The algorithm must include information from both connections, such as MCS, waveform type (DFT-S-OFDM / CP-OFDM) and RB allocation. Accuracy of the outer power control loop (through network) may not be sufficient for ensuring perfectly equal PSD and some power control error for the UE must be allowed. RAN4 should study what is the maximum allowed PSD difference when requirements for EVM, IBE and MPR are valid. This should then translate to maximum power difference. RAN4 should also agree how this equal PSD is achieved, is only through network power control or should there be only one power control loop for this mode similarly as there is only one TAG. For DC_(n)71B, the worst case power difference with perfectly equal PSD would be 19 dB (75 LTE RBs to 1 NR RB). Furthermore, it maybe more meaningful to align the peak of the waveform powers rather than PSDs but this should also be studied. 
In case SCS is different between NR and LTE, also power control should ensure no power changes will happen in the NR when the slot boundary is not coincident with the LTE slot boundary. 

The above mentioned issues are valid for Type 1 UEs with dynamic power sharing capability. Type 2 UEs without dynamic power sharing capability will not be able to operate with option A since in all imaginable cases, some form of fast communications is needed between LTE and NR modems. 

It should be also noted that option A in reality is same as Uplink Sharing from UE perspective (ULS_UE)with FDM. It is our understanding TDM option for ULS_UE is prioritised. 

Option B

Option B discussion is same as option A but the treatment of MPR should be same as non-contiguous UL CA for LTE. In this case, there is a problem of LO falling in between configured CCs, in to or outside FOOB domain. We are discussing this issue for mmWave in [4]. 
Option C 
Much more feasible option for intra-band EN-DC is option C since it allows for independent operation of the modems. Synchronous operation maybe needed since LNA will be shared regardless of UL architecture. Also Type 2 UEs can support intra-band EN-DC with this option. 

Option D

For option D, same discussion applies than for option C but treatment of MPR will need more carefull attention since the possible IMD may fall very far outside FOOB.

Options E, F
TDM options with single Tx for intra-band EN-DC in practice are same as ULS_UE with TDM. Same issues need to be solved but it is assume the timing aspects are handled by network. The UE just need to be allow sufficient time to switch between LTE and NR and in option F Lo needs to be returned. Equal PSD issue is not there. Even option F will not need much special attention since simultaneous UL is will not happen.
Options G, H
Similar to E and F, TDM simplifies problems much but using two TX chain with TDM has substantial HW overhead and maybe too expensive solution for feasible implementation. 
In summary, single PA option for FDM between NR and LTE is very risky way forward. RAN4 should prioritise work for two PA for FDM UL intra-band EN-DC work and TDM solutions where applicable.

Proposal: Work for Ran4 Tx requirements for Rel-15 intra-band EN-DC for simultaneous UL between NR and LTE shall prioritize two TX chain reference architectures and UL TDM sharing mode where applicable
Conclusion
We discussed challenges with different options for intra-band EN-DC and made one proposal:
Proposal: Work for Ran4 Tx requirements for Rel-15 intra-band EN-DC for simultaneous UL between NR and LTE shall prioritize two TX chain reference architectures and UL TDM sharing mode where applicable.
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