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Introduction
[bookmark: _Ref129681832] In the previous RAN1 meeting [1], 3 scenarios are agreed in dual connectivity deployment as follows
	Agreements:
· RAN1 should consider the following scenarios as listed in R1-1711817 in the future Rel-15 work especially in terms of UL coverage
· Scenario 1
· Scenario 2 where UL sharing is from network perspective
· FFS where UL sharing from UE perspective
· Aim to conclude in the next meeting; if no consensus, consider sending an LS to RANP for clarification
· Scenario 3


In this paper, the FFS part of the agreement is discussed. 
Discussion 
In the agreement, scenario 2 is referring to the second scenario as following [2]
	· Scenario #1 : 
· DC LTE @ Low Frequency (LF) + NR @ 3.5G
· Concept: LTE PUSCH/PUCCH LF, NR PUCCH 3.5G, NR PUSCH 3.5G configurable
· Scenario #2:
· DC LTE@LF + NR@3.5G + NR@LF SUL with UL sharing
· NR and LTE are collocated 
· Concept: LTE band uses LTE/NR UL sharing 
· Note: this scenario is potentially beneficial for reducing latency
· Scenario #3: 
· DC LTE@LF1 + NR@ multiple bands (e.g. LF2 and 3.5G)
· NR and LTE are collocated 
· Concept: NR CA from 3.5G to LF2
· Note: this scenario is potentially beneficial for reducing latency


Firstly, the LTE-NR dual connectivity (DC) mode prioritized in Rel-15 is discussed, and then the relation between the DC with UL sharing from the network side and UE side is followed. Finally analysis, observations and conclusions will be given.
LTE-NR dual connectivity mode prioritized in Rel-15
In Rel-15, the LTE-NR dual connectivity of option 3/3A and 7/7A are prioritized, in which the LTE cell is as the master cell which is illustrated as follows in [3]
	

Figure 7.2-2: Options 3 and 3A


	Figure 7.2-5: Options 7 and 7A	



In these LTE-NR dual connectivity options, the control plane is connected to the core network through the LTE cell, because LTE cell is the master cell in this dual connectivity option. And furthermore, in this scenario, there is only one core network which is the EPC or the NGC connected to the LTE cell directly. And then there is no UE in the NR cell connected to the core network directly, which means that there is no standalone NR UE in the cell, and all the UEs are using the LTE cell as the master cell and all UEs are LTE-NR dual connectivity UEs. 
Since in these above options there is UL sharing from the network perspective as described in the agreement, there must be at least one UE transmitting NR UL signal on the uplink carrier frequency same as the LTE uplink carrier frequency. This NR capable UE must be also in LTE-NR dual connectivity mode because all of NR capable UEs are LTE-NR dual connectivity UEs here.
Then we have the conclusion that “Scenario 2 where UL sharing is from network perspective” is exactly equal to “Scenario 2 where UL sharing is from UE perspective” because only one LTE band is assumed for this scenario #2 in the agreement.

Observation 1: “Scenario 2 where UL sharing is from network perspective” is exactly equal to “Scenario 2 where UL sharing is from UE perspective”
[image: ]
Figure 2 LTE-NR dual connectivity cases
When two LTE bands are involved in the LTE-NR dual connectivity as shown in case 2-1 and 2-2 of Figure 2, the UL sharing is still valid from the network perspective. If/when RAN4 defines a corresponding band combination RAN1 will ensure support for this type of UE. Then we have two proposed conclusions as follows. 
Proposed conclusion #1
· In LTE/NR DC deployment scenario #2 of R1-1711817 with a single LTE carrier in a single LTE band, support of UL sharing from network perspective with EN-DC architecture option 3 means that a UE has to be capable of simultaneous operation of LTE UL and NR UL on the shared UL frequency
· If/when RAN4 defines a corresponding band combination, RAN1 will ensure support for this type of UE
Proposed conclusion #2
· In LTE/NR DC deployment scenario #2 of R1-1711817 with multiple LTE bands and LTE DL CA + LTE/NR DC, support of UL sharing from network perspective can be achieved even if UEs are not capable of simultaneous operation of LTE UL and NR UL on the shared UL frequency.
· If/when RAN4 defines a corresponding band combination, RAN1 will ensure support for this type of UE 
Implementation of DC with UL sharing
In LTE-NR dual connectivity with UL sharing, a UE can transmit NR and LTE uplink signals on the carrier frequency of LTE uplink carrier frequency, and the UE can also transmit NR uplink signal on NR dedicated carrier frequency. Then for the UE, there will be NR UL baseband corresponding to two uplink carrier frequencies and one LTE UL baseband corresponding to its LTE signal on LTE uplink carrier frequency. 
From implementation perspective, several architectures can be considered. 
· Option 1: LTE-NR shared RFIC
NR and LTE uplink signals share the same RFIC, power amplifier and antenna on the shared uplink carrier frequency as depicted in Figure 2 option 1
· Option 2: LTE-NR shared PA and separate RFIC with 7.5 KHz RF shift
NR and LTE uplink signals share the same power amplifier and antenna but not the same RFIC. The 7.5 KHz shift is done on the RF part, where the frequency up-converter is with a 7.5 KHz shift to that of the LTE frequency. 
· Option 3: LTE-NR shared PA and separate RFIC with 7.5 KHz baseband shift
NR and LTE uplink signals share the same power amplifier and antenna but not the same RFIC. The 7.5 KHz shift is done on the RF part, where the frequency up converter is with a 7.5 KHz shift to that of the LTE frequency. 
The detailed analysis can be referred to [4]
All of the options can fulfil that 7.5 KHz shift to allow the subcarrier alignment between LTE and NR on the shared uplink. However there are some differences among the options. For an early implementation, both option 2 and 3 can be considered, where LTE and NR at UE side is not integrated tightly. For the lower carrier frequency, there are two RFICs, which will certainly increase the UE cost in a long term.
Using two RFICs can allow the 7.5 KHz shift to be done on base band or RF part, but from the cost perspective one RFIC is the with benefit of low cost, small chip size and low power consumptions which is option 1. And option 1 only use baseband shift. 
Then from the specification perspective, it should allow a low cost, small chip size, and low power consumption solution for the UE architecture. And this consideration is also from a forward compatibility point of view. 
Observation 2: Three UE architectures can perform the LTE-NR dual connectivity, and the shared RFIC between LTE and NR is with low cost, small chip size and lower power consumption.
Proposal 2: Baseband shifting of 7.5 KHz should be supported to allow RFIC sharing in a UE for LTE-NR DC, which is obviously beneficial to UE implementation in term of cost, chip size and power consumption.
[bookmark: _GoBack][image: ]    
(Option 1 LTE-NR shared RFIC with baseband 7.5 KHz shift.)
   [image: ]
            (Option 2 LTE-NR shared PA separate RFIC with RF shift) 
[image: ]
(Option 3 LTE-NR shared PA separate RFIC and 7.5 KHz baseband shift)
Figure 1 illustration of implementation options for UE in LTE-NR DC with UL sharing
One issue needs to be considered is the up-converters at the RFIC. In option 1, the same PLL (phase lock loop) is used for both NR and LTE signal. In last RAN1 meeting it is agreed that the subcarrier alignment can be achieved using scheme 2 for LTE and NR subcarrier on the shared UL carrier frequency as indicated in the following agreements [1].
	Agreements:
· In NR, support configuration between the following for paired spectrum (support of scheme 2 below is conditioned on the assumption that 100kHz is adopted as a supported UL channel raster in NR to support LTE/NR co-existence with LTE FDD)
· Scheme 1: Do nothing to allow subcarrier alignment between NR UL (15 kHz) and LTE UL
· Scheme 2: allow subcarrier alignment between NR UL (15 kHz) and LTE UL, where NR UL raster is with a 7.5 kHz shift to the LTE UL raster 
· Send an LS to RAN4  - Ralf (AT&T)



Although the raster is allowed to be 7.5 KHz shift to the LTE UL raster, this is not implicating that the 7.5 KHz shift is done in the RF part or in baseband. Shifting the baseband signal by 7.5 KHz is possible while at the same time keeping the raster 7.5 KHz away from the LTE carrier raster. This function can be performed as some minor modification of the baseband signal generation part as follows.
	



The time-continuous signal  on antenna port  and subcarrier spacing configuration  for OFDM symbol  in a subframe is defined by

        (alternative 1)
Or

                   (alternative 2)



where ,  =7.5KHz and . 
For all channels and signals except PRACH, 




and the starting position of OFDM symbol  for subcarrier spacing configuration in a subframe is given by

	
where

	
For PRACH


Note: the significance of the variables can be referred to [5].



And the baseband shift has low complexity because the shift is just multiplication of a phase rotation with the generated baseband signal without the shifting. 
For the above shifting method of alternative 1 and 2, alternative 1 is preferred, because, this will make it the same as LTE and there will be no additional fixed phase shifts for LTE or NR for each subcarrier, and then reduce the cost of eNB. However, for alternative 2, if the 7.5kHz shift is removed as in LTE, then, there will be a constant phase shift for all the subcarriers for each OFDM symbol, then one additional phase shift removal will be required for the NR. Or if receiver carrier is aligned with the raster with 7.5 kHz shift, then the additional operation is required for LTE. So alternative 2 require additional subcarrier based phase rotation for LTE or NR at the base station receiver if the UL signal is jointly processed in the base station. 
Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, further discussion is provided on LTE and NR co-existence, some of the proposals
Observation 1: “Scenario 2 where UL sharing is from network perspective” is exactly equal to “Scenario 2 where UL sharing is from UE perspective”
Observation 2: Three UE architectures can perform the LTE-NR dual connectivity, and the shared RFIC between LTE and NR is with low cost, small chip size and lower power consumption.
We have the following proposed conclusions and proposals: 
Proposal 1:
Conclusion #1
· In LTE/NR DC deployment scenario #2 of R1-1711817 with a single LTE carrier in a single LTE band, support of UL sharing from network perspective with EN-DC architecture option 3 means that a UE has to be capable of simultaneous operation of LTE UL and NR UL on the shared UL frequency
· If/when RAN4 defines a corresponding band combination, RAN1 will ensure support for this type of UE
Conclusion #2
· In LTE/NR DC deployment scenario #2 of R1-1711817 with multiple LTE bands and LTE DL CA + LTE/NR DC, support of UL sharing from network perspective can be achieved even if UEs are not capable of simultaneous operation of LTE UL and NR UL on the shared UL frequency.
· If/when RAN4 defines a corresponding band combination, RAN1 will ensure support for this type of UE 
Proposal 2: Baseband shifting of 7.5 KHz should be supported to allow RFIC sharing in a UE for LTE-NR DC, which is obviously beneficial to UE implementation in term of cost, chip size and power consumption.
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