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1 Introduction
In RAN4, there has been numerous discussions related to MRTD and MTTD requirements for inter-band EN-DC deployments. For asynchronous operations, the requirements have been agreed in the previous meetings. There are a number of open issues related to synchronous deployments in EN-DC operation. 
2 EN-DC deployment 
The main reason for EN-DC NSA deployment is to provide larger UL coverage and robust contiguous C-plane coverage using lower band LTE and use NR band for higher capacity for U-plane. This is shown in the figure below. In the figure, we only show mmWave NR cell, however the same deployment is also used for NR cells in FR1, such as NR cells in 3.5GHz spectrum. 
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The EN-DC deployment will consist of large cell operating on low band LTE and smaller cell on higher band NR. The LTE cell is intended for C-plane coverage while NR cell is mainly intended for capacity. There could be large physical distances between LTE and NR base stations providing capacity (U-plane). For synchronous operation, this means that there can be a large receive timing difference between the LTE cell and a mmW cell. The MTRD (and MTTD) must therefore be sufficiently large not to restrict the deployment to NR base stations co-sited with the LTE cell.
One of the prime importance is to maintain this deployment flexibility such that optimum benefits out of EN-DC deployments can be obtained by the operators. . In this paper we discuss EN-DC but the findings are equally applicable to NR CA.
3 Requirements for inter-band synchronous EN-DC 
3.1 MRTD requirement for inter-band synchronous EN-DC

In one of the previous RAN4 contributions [1], the following have been proposed: 
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Notice that, the MRTD consists of two parameters, the BS Timing Alignment error (TAE) and the propagation delay difference time (Δprop). 

Considering that BS TAE for LTE is defined as ±1.5µs and the BS TAE cannot be ideal for NR BSs, the maximum allowable propagation delay difference becomes 1.13µs. This corresponds to propagation delay difference wrt to 339m. Note that, when 15kHz subcarrier spacing is used for LTE and NR, the Δprop is allocated as 30µs, which corresponds to 9km relative distance between LTE and NR nodes. For mmWave NR BS aggregated with LTE low band (i.e. the case of 15kHz LTE aggregated with 120kHz mmWave NR in EN-DC), then the relative distance becomes only 339m, which is only 3.7% of original relative deployment distance. Thus, scaling the MRTD with respecting to increasing subcarrier spacing will severely restrict the options for LTE-NR EN-DC deployment. 
Observation-1: Scaling MRTD with increasing SCS will severely restrict the EN-DC deployment options, especially for low band LTE with mmWave NR cells.
3.2 MTTD requirements

MTTD requirement is mainly defined by: 

· BS TAE

· UE transmission timing error
· Relative propagation delay difference (Δprop)

As mentioned earlier, BS TAE for LTE is already defined as 3µs in legacy LTE and the UE transmission timing error is not so large (~2µs), and thus MTTD is mainly depended on (Δprop). The same argument as reasonable EN-DC deployment options are applicable in this case. 

In a previous RAN4 contribution [2], following have been proposed. 
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According to the above proposal, following is required to satisfy the requirements. 

	LTE
	NR
	TELTE
	TAE on R4-1800514
	Required TENR

	15kHz
	15kHz
	±1.5µs
	3us
	1.5µs is required which is OK 

	15kHz
	30kHz
	±1.5µs
	1.5µs
	NR requires ideal TE, thus TENR=0, which is not practical.

	15kHz
	60kHz
	±1.5µs
	0.75µs
	Not even ideal NR TE works, the LTE TE also need to be better than ±1.5µs!

	15kHz
	120kHz
	±1.5µs
	0.375µs
	Not even ideal NR TE works, the LTE TE also need to be better than ±1.5µs!


As seen in above analysis the proposed BS TAE in [2] would require an ideal TE for the NR BS already at the first 15-30kHz combination. Ideal NR TE is of course impossible, just trying to get close would imply very high product, installation and maintenance cost
Observation-2: Scaling BS TAE with increasing SCS will not be possible.  
4 UE Power control issues
In some of the previous contributions, one reason for scaling MRTD and MTTD with respect to increasing SCS was due to UL power control issues. Given the severe restrictions on EN-DC deployment with scaled MTTD and MTRD any power control impact should be reconsidered.
From a power control perspective, the main issues are the risk of exceeding the total Pcmax per UE and the relative timing of the power-control commands in the DCI on the two CGs. Increasing the SCS means that the slot duration becomes smaller, this essentially causes more than one OFDM symbol to be in the overlapping part  part of the LTE and NR sub-frames (also 1 ms for NR but consisting of more than 14 symbols for SCS > 15 kHz). 

Power sharing in the UL is only an issue if the total power is exceeded.

In our understanding, three different cases can happen, we describe them below. The discussion is relevant for UEs supporting dynamic power sharing and thus equipped with a fast interface between the power-control loops of the two CGs. For UE not supporting power sharing the BS will configure limits on the LTE and NR output power in dedicated signalling.

4.1 Case 1a: Total PcMAX per UE not exceeded, no delay in executing MCG PC command

This is the most likely scenario, that MCG is ahead of SCG, based on the large relative distance between LTE and NR cells.  

Please note that, DCI is available to the UE at least 4ms before for the LTE carrier. This means that, in a 15kHZ LTE-120kHz NR EN-DC operation, the information regarding LTE power requirement is known to UE at least 28 slot earlier compared to when NR needs to be transmitted. Note that, UE is also informed by network on its allocations in NR carrier at least 4 slots earlier (in this case, it is 4*125us earlier).

This provides enough time for the UE to adjust the configured output power for the NR slot which falls in between two LTE TTIs. In the example below, the UE can reduce (or increase) power at NR slot (as shown in slot n-1), if higher power is needed for LTE in mth subframe. In this way, the power control issue can be handled without causing any issues. Indeed, the higher slot granularity in NR provides plenty of opportunities to change the configured output power before needed.
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4.2 Case 1b: Total PcMAX per UE not exceeded, one slot delay in executing MCG PC command

For NR CC, the UCI will be available 4 slots earlier, that is 4*125us earlier. This means that, NR CC need to be able to reset its power in much shorter scale than LTE CC for the larger SCS. This means that, this case should not be required, since case 1a would cover the scenario. 
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4.3 Case 1c: Total PcMAX per UE exceeded
Should the configured output power be exceeded, then it is worth noting here that, the exceeding time is very short compared to typical SAR measurement periods. In this case, only for 33us, the configured output power will exceed the SAR limit, however this will not show up the SAR measurements, since SAR measurement is a long-term measurement.
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5 Conclusion
In this contribution, we discussed two proposals related to MRTD and MTTD for inter-band synchronous EN-DC applications. In this paper we discuss EN-DC but the findings are equally applicable to NR CA MRTD.
Based on our understanding as explained in this paper, we observe the following: 

Observation-1: Scaling MRTD with increasing SCS will severely restrict the EN-DC deployment options, especially for low band LTE with mmWave NR cells.
Observation-2: Scaling BS TAE with increasing SCS will not be possible.  
We have also shown that, the UE power control issue for overlapping LTE and NR sub-frames can be solved as described in our analysis in Section 4. The only option for making possible an EN-DC deployment with a large LTE cell overlapping multiple NR cells with smaller radii is to maintain the same MTTD and MRTD for all SCS. The power control for UEs supporting power sharing must be designed accordingly.

We propose the following: 
Proposal: For synchronous operation of inter-band LTE-NR dual connectivity,
· Maximum receive timing difference (MRTD) is defined as 33µs between LTE and NR sub-frames
· Maximum transmission timing difference (MTTD) is defined as 35.21µs. 

Based on these proposals, we proposed a draft CR in [3].
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