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1 Introduction
Currently, the requirements for EN-DC and NR CA are in place or being finalized in RAN4 when MRTD and MTTD is considered. 

RAN4 is now tasked to define the related requirements for synchronous NE-DC. We provide our understanding related to this issue in this contribution.
2 Deployment considerations for NE DC 
For LTE 3GPP 36.133 section 7.9.2 addresses inter band CA (in terms of maximum transmission timing difference) and allows for inter site deployments with a max ΔTprop of 30us corresponding to 9km suitable for heterogenous deployments.

For LTE non-contiguous CA the same ΔTprop= 30us is allowed and documented in 3GPP 36.133 section 7.9.3.

For LTE Rel-12 DC, maximum receive timing difference is defined in TS 36.133 Section 7.15.2 and maximum transmission timing difference is defined in TS 36.133 section 7.17.2. Both these requirements are defined in a way so that a max ΔTprop of 30us corresponding to 9km suitable for heterogenous deployments are ensured.
Observation- 1: in LTE, for inter-band CA, intra-band non-contiguous CA and inter-band DC, MRTD requirements are defined in a way so that it allows flexible CA and DC deployment, which is especially important in heterogenous architectures.
It is our understanding that, similar flexibilities will also be needed for Rel-15 NR-DC deployment. 

In NR, it’s expected that, different SCS may be used in carriers that are aggregated in CA manner. This will allow aggregation via dual connectivity feature between low band and high band, and even between FR1 and FR2. One main reason for DC deployment similar to CA deployment is to provide high capacity, low latency and high user throughput in hotspot areas with a high service demand through a high band with robust contiguous C-plane coverage using lower band NR. The low band cell is intended for C-plane coverage and carrier of data when not able to transfer data on the high band. This is illustrated 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 smaller NR cells in the high band of FR1. 
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Figure 1 Wanted NE-DC deployment: an example of FR1-FR2 inter-band NE-DC deployments 

The DC deployment will consist of large cell operating on low band NR and smaller cell on higher NR band. The low band cell is intended for C-plane coverage while high band NR cell (e.g. mmWave cell or 3.5GHz cell) is with its expected higher bandwidth intended for capacity and throughput boost within its service area. There could be large physical distances between the base stations. This means that there can be a large receive timing difference between the low band cell and a high band cell. The MTRD (and MTTD) must therefore be sufficiently large not to restrict the deployment of NR base stations, if it is too strict, it would limit the deployments of CA between high band cells (e.g. mmWave cells) and low band NR cells to be co-located at the same site. This is of course a significant restriction in NR that does not exist in LTE.
Observation- 2: For inter-band NE-DC, MRTD requirement should allow flexible DC deployment which is especially important in heterogenous architectures.
3 MRTD and MTTD requirements for synchronous NE-DC 
According to deployment requirements, Rel-15 inter-band EN-DC and Rel-15 inter-band NE-DC has similar conditions. Besides, in most cases, LTE spectrum used in ENDC is migrated to NR-DC as refarmed bands, thus NE-DC becomes NR-NR DC and pre-requisites should then be the same for smooth migration. thus we do not see reason for defining any different requirement for NE- DC compared to already defined EN-DC requirements. 
Observation-3: There is no reason to define the MRTD requirements any different for NE-DC wrt what is already defined for EN-DC.

Thus, we propose to define MRTD as follows: 

Proposal-1: Define MRTD and MTTD for inter-band synchronous NE-DC as follows:
	DL/ULSub-carrier spacing in NR PCell (kHz)
	DL/UL Sub-carrier spacing for data in PSCell (kHz)
	Maximum receive timing difference (µs)
	Maximum transmit timing difference (µs)

	15
	15
	33
	35.21

	30
	15
	
	35.21

	60
	15
	
	35.21

	120
	15
	
	35.21


4 MRTD and MTTD requirements for asynchronous NE-DC 

As described earlier, there is no reason to define the asynchronous requirements for NE-DC any different than EN-DC, we propose to define the requirements for asynchronous NE-DC as follows:

 Proposal-2: Define MRTD and MTTD for inter-band asynchronous NE-DC as follows:
	DL/ULSub-carrier spacing in NR PCell (kHz)
	DL/UL Sub-carrier spacing for data in PSCell (kHz)
	Maximum receive timing difference (µs)
	Maximum transmit timing difference (µs)

	15
	15
	500
	500

	30
	15
	250
	250

	60
	15
	125
	125

	120
	15
	62.5
	62.5


5 Requirements for intra-band NE-DC

For intra-band NE-DC, there are some discussions on going regarding single or dual UL timing capability for intra-band EN-DC. Some contributions are being discussed now in [6] and [7]. We propose that, based on the outcome of the discussions for inter-band synchronous EN-DC, we same approach for intra-band synchronous NE-DC.

Proposal-3: Define MRTD and MTTD requirements for intra-band synchronous NE-DC in same way as it will be done for intra-band synchronous EN-DC.

6 Conclusion
In this contribution, we discussed MRTD and MTTD requirements for inter-band synchronous NE DC.
We observe the following: 
Observation- 1: For inter-band CA, intra-band non-contiguous CA and inter-band DC in LTE, MRTD requirements are defined in a way so that it allows flexible CA and DC deployment, which is especially important in heterogenous architectures.
Observation- 2: For inter-band NE DC, MRTD requirement should allow flexible DC deployment which is especially important in heterogenous architectures.
Observation-3: There is no reason to define the MRTD requirements any different for NE-DC wrt what is already defined for EN-DC.

Based on this, we propose to adopt the following: 
Proposal-1: Define MRTD and MTTD for inter-band synchronous NE-DC as follows:
	DL/ULSub-carrier spacing in NR PCell (kHz)
	DL/UL Sub-carrier spacing for data in PSCell (kHz)
	Maximum receive timing difference (µs)
	Maximum transmit timing difference (µs)

	15
	15
	33
	35.21

	30
	15
	
	35.21

	60
	15
	
	35.21

	120
	15
	
	35.21


Proposal-2: Define MRTD and MTTD for inter-band asynchronous NE-DC as follows:
	DL/ULSub-carrier spacing in NR PCell (kHz)
	DL/UL Sub-carrier spacing for data in PSCell (kHz)
	Maximum receive timing difference (µs)
	Maximum transmit timing difference (µs)

	15
	15
	500
	500

	30
	15
	250
	250

	60
	15
	125
	125

	120
	15
	62.5
	62.5


Proposal-3: Define MRTD and MTTD requirements for intra-band synchronous NE-DC in the same way as it will be done for intra-band synchronous EN-DC.

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