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In Rel-15 NR WI, LTE-NR dual connectivity combinations are supposed to be defined. In LTE following have been defined [1]: 
1. Synch requirement for maximum receive timing difference (MRTD) is 33µs: 30µs from relative propagation delay difference and 3µs from maximum BS timing mismatch
2. Asynchronous requirement for maximum receive timing difference (MRTD): Maximum 500µs asynchronous timing mismatch (equivalent to half of the TTI in LTE)
For maximum transmission timing difference (MTTD) is defined as [1]:
1. For synchronous case, MTTD is 35.21 µs
2. For asynchronous case, MTTD is 500 µs
The synchronous and asynchronous definitions are used in several issues, namely (1) power control setting, (2) Maximum receive timing difference (MRTD) definition, (3) Maximum transmission timing difference (MTTD) definition, (4) Gaps and interruptions requirements, etc. 
When NR is considered, then the situation is more complex. A thorough analysis is needed to determine the synchronous and asynchronous scenarios when LTE-NR inter-RAT dual connectivity is deployed. 
In this contribution, we provide our understanding related to the above mentioned issue
Inter-band LTE-NR dual connectivity
There are two different cases that should be considered:
1. sub6GHz LTE band and sub6GHz NR band in different spectrum: we specifically mention here that, these two bands are in different spectrum, since there can be LTE-NR combination when the NR band can be refarmed LTE band.
2. sub6GHz LTE band and mmWave NR band
We have only mentioned one LTE band and one NR band in the above cases, however the definition can be easily extended to more than one bands in LTE and/or more than one bands in NR.
Since LTE in sub6GHz will only use 15kHz, there will not be any difference with respect to MRTD and MTTD definition on whether the NR band is in sub6GHz or in mmWave.  
There are several issues related to deployment for LTE-NR dual connectivity, that should be taken into consideration while deciding synchronous and asynchronous requirements for LTE-NR dual connectivity.
· LTE-NR dual connectivity deployment should provide enough flexibility so that cells in different spectrum range can be aggregated together. For example, in a real network, a very wide area cell in below 1 GHz can be aggregated with a mmWave small cell, thus requiring that, the UE should be able to handle as large relative propagation delay difference as possible. This will provide significant flexibility to the operators in terms of deployment options and aggregation options. 
· NR has several new features compared to LTE, such as different sub-carrier spacing, etc, which provides new opportunities compared to LTE networks. While interworking between LTE and NR is required to some extent, extending LTE DC requirements as they are to NR DC requirements may cause the loss of this above mentioned flexibility. 
· LTE and NR will be implemented in the UE using significantly different design principle and requirements, thus, it will not be suitable to consider synchronization between LTE and NR network in most cases. Moreover, in an UE, preferably different RF chains and baseband processing will be used for LTE and NR chains. Else, if NR is implemented using many of LTE designs, NR will not be able to achieve its full potentials. Thus, we propose not to consider synchronous LTE-NR dual connectivity as a general case. 
Thus, it is indeed important to use asynchronous operation as the baseline for LTE-NR dual connectivity. This will provide wide flexibility to the operators in terms of deployment and aggregation possibilities.
It is our understanding that, SFN synchronization between LTE and NR cells are also not needed in LTE-NR dual connectivity operation. This is similar to Rel-12 LTE DC framework.  
In Rel-12 DC, we have defined 500µs as the MRTD and MTTD requirements for asynchronous operation, since 500µs is the furthest apart that two arbitrary subframe boundaries can be apart from each other (which is half of 1ms subframe duration). The same principle can be used in NR. Depending on the SCS used in the system, the half of the slot duration of larger SCS can be used as the asynchronous requirement. Note that, RAN1 has decided to not specify the 7 symbol long slots that were earlier agreed in 3GPP, instead only define 14 symbols for all subcarrier spacing cases. So, the slot length is 1ms for 15kHz and it is then scaled with increasing SCS.
It is worth noting here that, the MRTD and MTTD requirements for asynchronous dual connectivity actually do not provide any restriction in deployment possibilities, since these numbers are used mainly used for some of the operations between LTE and NR cells, e.g. power control, gaps, interruptions, etc. 
Based on the discussions in the above section, we propose the following: 
Proposal-1: For inter-band LTE-NR dual connectivity, all UE supports asynchronous DC between LTE and NR.
Proposal-2: For inter-band LTE-NR dual connectivity, following MRTD and MTTD is defined:
	LTE PCell SCS (kHz)
	NR PSCell SCS (kHz)
	Maximum receive timing difference, MRTD (µs) for asynchronous operation
	Maximum transmission timing difference, MTTD (µs) for asynchronous operation

	15
	15
	500
	500

	15
	30
	250
	250

	15
	60
	125
	125

	15
	120
	62.5
	62.5


 
Duplex type of the involved band
In addition to MRTD and MTDD definition, there can be three different cases with respect to duplex type of the band, namely: TDD-TDD, TDD-FDD and FDD-FDD where the two band types refer to LTE and NR bands which are used as PCell and PSCell. 
In general, LTE and NR bands will have separate baseband processing in UE. There can be a number of cases with respect to this, as mentioned below:
· LTE and NR TDD-TDD and TDD-FDD bands can be close to each other in frequency, e.g. both bands are in 2.5GHz or in 3.5GHz
· LTE and NR TDD-TDD and TDD-FDD bands can be far from each other in frequency, e.g. LTE band in 700MHz and NR band is in 3.5GHz
·  LTE band in sub6GHz and NR in mmWave
In the second and third case, the all UEs should be able to support asynchronous DC operation, while it may need a specific UE capability to support asynchronous operation in the first case. When the UE implements a duplex filter between TDD bands closely spaced in frequency, then asynchronous operation is allowed. What kind of frequency separation constitutes the second case can be discussed further in RAN4. Thus, we propose the following: 
Proposal 3: For TDD-TDD (PCell-PSCell) and TDD-FDD (PCell-PSCell or PSCell-PCell) combinations,
· Asynchronous DC operation can be supported when LTE and NR bands have sufficient frequency separation. The mentioned frequency separation level is determined on case-by-case basis.
·  Support of DC operation when LTE and NR bands does not have sufficient frequency separation will require further UE capability. The exact synchronization level in this case is left FFS. 
Intra-band LTE-NR dual connectivity
In case of LTE-NR DC, the LTE and NR band can be in the same spectrum, e.g. when NR band is refarmed band with respect to LTE band. In this case, the UE may implement the two bands in the same chipset using same RF chain and using same baseband processing, thus only synchronous operation is allowed. 
Also, regardless of the SCS used in this system, only collocated intra-band combinations are allowed in Rel-15 timeframe. 
The requirements for intra-band will largely depend on UE implementation. Any of the following are possible: 
· The LTE and NR bands are implemented in the UE using same RF path.
· The LTE and NR bands are implemented in the UE using totally separated paths. 
Regarding the MRTD in intra-band combinations when the UE implementation uses same RF path for both LTE and NR bands, the cyclic prefix determines the maximum timing difference between two different reference signals at the UE, thus, the MRTD will scale according to CP length as assumed for different SCS. Regarding the MTTD, the UE has single TAG for both the UL (since they are collocated) and also the UE uses the same path for both LTE and NRthere is no MTTD requirement in this case. 
Thus we propose the following:
Proposal 4: For intra-band LTE-NR DC, UE will support asynchronous dual connectivity when the UE indicates support of intra-band asynchronous dual connectivity. 
Proposal 5: For intra-band LTE-NR DC, following is adopted when UE only indicates synchronous DC capability: 
· Only collocated intra-band LTE-NR combinations are allowed in Rel-15 timeframe
· UE implementing one RX path for both LTE and NR shall meet the following MRTD requirements as shown in the table below:
	LTE SCS (kHz)
	NR SCS (kHz)
	Maximum receive timing difference, MRTD (µs) for synchronous operation
	Maximum receive timing difference, MRTD (µs) for asynchronous operation

	15
	15
	4.76
	NA

	15
	30
	2.38
	NA

	15
	60
	1.19
	NA
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Conclusions
We proposed the following in this paper: 
Proposal-1: For inter-band LTE-NR dual connectivity, all UE supports asynchronous DC between LTE and NR.
Proposal-2: For inter-band LTE-NR dual connectivity, following MRTD and MTTD is defined:
	LTE PCell SCS (kHz)
	NR PSCell SCS (kHz)
	Maximum receive timing difference, MRTD (µs) for asynchronous operation
	Maximum transmission timing difference, MTTD (µs) for asynchronous operation

	15
	15
	500
	500

	15
	30
	250
	250

	15
	60
	125
	125

	15
	120
	62.5
	62.5



Proposal 3: For inter-band TDD-TDD (PCell-PSCell) and inter-band TDD-FDD (PCell-PSCell or PSCell-PCell) combinations,
· Asynchronous DC operation can be supported when LTE and NR bands have sufficient frequency separation. The mentioned frequency separation level is determined on case-by-case basis.
·  Support of DC operation when LTE and NR bands does not have sufficient frequency separation will require further UE capability. The exact synchronization level in this case is left FFS. 
Proposal 4: For intra-band LTE-NR DC, UE will support asynchronous dual connectivity when the UE indicates support of intra-band asynchronous dual connectivity. 
Proposal 5: For intra-band LTE-NR DC, following is adopted when UE only indicates synchronous DC capability: 
· Only collocated intra-band LTE-NR combinations are allowed in Rel-15 timeframe
· UE implementing one RX path for both LTE and NR shall meet the following MRTD requirements as shown in the table below:
	LTE SCS (kHz)
	NR SCS (kHz)
	Maximum receive timing difference, MRTD (µs) for synchronous operation
	Maximum receive timing difference, MRTD (µs) for asynchronous operation

	15
	15
	4.76
	NA

	15
	30
	2.38
	NA

	15
	60
	1.19
	NA



Based on this proposals, we proposed to send an LS to RAN1 and RAN2 in [6].
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