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1	Introduction
In RAN1 #87 [1], we agreed the following regarding the coexistence of LTE and NR:

Agreements:
· For LTE and NR coexistence, 
· In NR design, consider support of flexible starting point and duration of scheduled resources as a tool to avoid for example the control region of MBSFN subframes and be able to use resources in the unused MBSFN subframes of an LTE carrier
· Note: those mechanisms may be reused from forward compatibility mechanisms
· FFS: use of mini-slot
· FFS: Dynamically or semi-statically varying starting point and duration
· NR design supports adapting the bandwidth occupied by NR carrier(s) at least as fast as LTE carrier aggregation schemes
· FFS: Detailed design
· FFS: Allowing NR transmissions while avoiding OFDM symbols carrying CRS on a DL LTE subframe
· Further discussion needed on how to handle sTTI transmissions of LTE
· Note: those mechanisms may be reused from forward compatibility mechanisms, or mechanisms for multiplexing eMBB and URLLC on the DL, or mini-slot
· Allowing NR transmissions while avoiding OFDM symbols carrying SRS on an UL LTE subframe
· Further discussion needed on how to handle sTTI transmissions of LTE
· FFS: PRB-level resource allocation can be used as a tool to avoid for example PSS/SSS, PBCH, EPDCCH, PUCCH, PRACH, as well as PRB-level scheduled LTE PDSCH and LTE PUSCH, of an LTE carrier
· FFS: Mapping NR signals and channels around the LTE CRS patterns
· Note: those mechanisms may be reused from forward compatibility mechanisms
· For adjacent channel/band operation of NR and LTE in the unpaired spectrum
· Design at least one semi-statically assigned DL/UL transmission direction configuration for NR that avoids DL/UL interference with at least one LTE TDD DL/UL configuration and special subframe configuration
· This does not preclude at most one semi-statically DL/UL transmission direction configuration in NR specification
· Note: DL/UL interference also can be avoided by using dynamically assigned DL/UL transmission direction in some cases
· FFS: Backhaul signaling between NR and LTE for interference coordination
· FFS: Other mechanisms
· Note that the above agreements do not imply that UE has to support simultaneous connection of NR and LTE in the same or overlapping carrier


Also RAN2 has agreed to study a Dual Connectivity approach for LTE-NR aggregation to enable NR to be operated in a non-standalone manner with LTE radio as the master, and NR being configured on a secondary carrier. The aim of this contribution is to highlight a problem in particular when TDD is the secondary carrier, and proposes how to overcome that. 
2	Discussion
2.1	Issues with mandating 2 uplinks with LTE+NR Dual Connectivity and TDD as the Scell/S-gNB
RAN2 has decided to focus on the Dual Connectivity approach initially for LTE+NR aggregation, this requires that the UE operate in 2 uplink carriers, an example scenario would be:

· LTE +NR dual connectivity for a UE, with:
· Collocated LTE and NR base stations
· LTE is the anchor
· LTE FDD DL+UL on (lower) frequency 1
· NR TDD DL+UL (e.g. SRS) on (higher) frequency 2

If the higher frequency dedicated to NR operates in TDD mode, especially when operating such bands in macrocellular deployments, either coordination of UL and DL transmissions or a guardband is sometimes permitted. Often the exact method for coexistence is made on a national regulatory basis. 
Operating with a guardband reduces spectrum efficiency for a given spectrum allocation. Also in sub-6GHz frequency bands, there is the high possibility that there may be LTE deployments within the same band, which would mean that UL-DL configurations may be restricted by what is used for LTE. In addition, in some markets for some bands regulators have actually indicated the specific UL-DL ratio that shall be used. 
Restrictions on the UL-DL configuration would mean restrictions on when HARQ ACKs can be sent in response to data received on the TDD carrier, because the Dual Connectivity architecture requires self-feedback. For data transmitted on the TDD carrier requiring low latency, delays in transmitting ACK/NACK would be a problem.
As an example, the least restrictive UL/DL configuration for LTE is highlighted in yellow in Table 1,, which is taken from 36.211 [2]. 

Table 1: Uplink-downlink configurations
	Uplink-downlink 
configuration
	Downlink-to-Uplink 
Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D




For this configuration we can see that the ACK/NACK transmission will experience a delay d of 2ms<d<3ms depending on which DL subframe the downlink data was transmitted on. If for the same deployment and aggregation scenario for frequency 1 and frequency 2, the radio technology used on frequency 2 was instead LTE, then there would not be such a problem because LTE would be used on frequency 1 and frequency 2, so LTE CA could be used, and feedback can be sent via frequency 1.

Note that this same issue will apply for both UL and DL ACK/NACKs on the TDD carrier. But we assume that for DL data it is more of an issue because inter-band DL CA will most likely be useful in maximising the packet size that can be delivered at a certain coverage and latency, due to additional power likely being available by using different bands. 
2.2	Some other issues with relying on Dual Uplink
In addition to the discussed issue for low latency requirements we should take into account that:
· While most networks are still dominated by downlink traffic demand, allocation of time resource in uplink reduces the potential resource available in downlink. Also for each occasion where a small amount of UL resource needs to be allocated, also we need to consider that 2 guard period occasions would be required.
· Depending on the band combinations used, there may be self-desense in relying on 2 uplinks, due to IMD or harmonics falling into one of the receive channels.

Observation 1: There seem to be a real deployment issue here (which do not occur in deployments of LTE radio, but only occur when introducing NR in one of the aggregated bands) to suggest that being able to transmit NR L1/2 control channel feedback efficiently on the same carrier as LTE should be given some serious consideration.

2.3	For UL there is a simple solution available 
Unlike the LTE downlink, the LTE uplink fortunately implicitly allows resource blanking to a subframe or Resource Block level for PUSCH. Therefore it should be quite possible to dynamically reserve some LTE resource to allow the UE to transmit both LTE and NR L1/2 control channel feedback on the same carrier frequency in an FDM and/or TDM manner. Introduction of the LTE short TTI should bring further flexibility to reserve even less time resource in uplink to transmit NR feedback information. 
Requiring a different numerology to be used for NR uplink and LTE uplink on the same carrier would obviously cause some issues in terms of interference, but RAN1 seems to agree to enable a numerology framework that allows alignment to LTE.

Observation 2: Specification and operation to allow NR L1/2 control channel feedback to operate within the LTE carrier dynamically seems to be quite simple to achieve.


3 Conclusion and proposal
We believe that there could be a problem  for NR macro network deployments on a sub-6GHz TDD band operating as a secondary carrier in the LTE+NR interworking (Dual Connectivity) scenario, when the network wants to use this band to transmit data with low latency. The same problems do not exist when LTE is deployed on that TDD band. Enabling the UE to transmit both NR control feedback and LTE control feedback on the same uplink spectrum block would help to resolve this problem, and make it almost no different than deploying LTE radio in that band. We believe this will greatly help to maximise NR take-up in sub-6GHz frequency bands. Therefore we would like RAN1 to agree on the following proposals:
Proposal 1: Enable NR UL physical control channel transmission from a NR UE on unused LTE UL resources, with NR DL transmission on NR bands, where LTE and NR base stations are collocated.
Note: For the sake of coverage issues, it is also useful to consider NR PUSCH transmission on unused LTE UL resources.
Proposal 2: Support the operation above where a UE operates LTE+NR interworking (joint operation) where LTE is the anchor carrier.
Note that enabling some level of minimal NR operation to carry DL ACK/NACK on the LTE carrier may also be useful. However, this may need more thought as to the impacts, e.g. whether a DL control channel can be transmitted on a carrier for which there is no synchronisation channel transmitted.
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