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Introduction
[bookmark: _Ref178064866][bookmark: _GoBack]Improving single-tx operation for EN-DC is one of the objectives for the MR-DC WI [1]. In this document we propose some approaches for achieving this objective.
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Discussion
Improvements to PRACH transmission

For a UE configured with Case 1 HARQ timing, in Rel15 PRACH transmissions are only allowed in subframes designated as UL in the reference TDD configuration. This creates a network restriction for provisioning PRACH resources. 

Consider an FDD cell with a mix of EN-DC UEs and non-EN-DC UEs. If the EN-DC UEs are configured with TDD UL/DL pattern given by subframe-Assignment-r15 via dedicated RRC, then they can only transmit RACH in the UL subframes given by that pattern. This limits the flexibility for the NW to provision RACH resources for all UEs in the cell (i.e., both EN-DC and non EN-DC UEs) as it has to match the UL subframes provisioned for PRACH (i.e., the provided via SIB) with the UL subframes given by the subframe-Assignment-r15 TDD pattern. This problem becomes even worse if harq-Offset-r15 field is used to spread the UL load between different EN-DC case1 HARQ timing UEs. 

Since PRACH transmissions are rare, the straightforward solution to address the above issue would be to remove the limitation from Rel15 and let the UE transmit PRACH in any UL subframe (for FDD case). In the rare occasions where there is a colliding NR UL transmission for the UE, the UE can be allowed to prioritize the PRACH transmission and drop NR.

Proposal 1

· Following enhancement for PRACH should be studied
· If a UE is configured with Case1 HARQ timing, UE’s PRACH transmissions are not limited to the UL subframes given by subframe-Assignment-r15 (i.e., for FDD, UE can transmit PRACH in any UL subframe).
· If the UE’s LTE PRACH transmission collides with an NR UL transmission, PRACH transmission is prioritized.
Improvements to operation with TDD Pcell

In RAN1#92bis, following was agreed for NR Rel15 wrt to single-tx operation

Agreement:
In Rel-15, Case 1 HARQ timing is supported for the LTE serving cells only for the following cases
· A single FDD cell 
· DL CA with FDD-FDD CA and FDD-TDD CA, where the LTE PCell is FDD and there is only one UL carrier
· The UE is not configured for cross-carrier scheduling

Supporting Case 1 HARQ timing for TDD Pcell was discussed in Rel15. This would involve configuring a reference TDD configuration for the LTE Pcell of the UE via dedicated RRC. The ‘reference configuration’ should have fewer UL subframes than the regular SIB2 configured TDD configuration. 

For example, 
· If SIB2 indicates TDD config.  2 (DSUDDDSUDD), UE would need to be configured with ‘reference configuration’ config. 5 (DSUDDDDDDD). 
· DL HARQ transmitted on PUCCH of LTE Pcell is then transmitted in only one subframe every radio frame (i.e., subframe index 2)

For subframes where the transmission direction is different between SIB2 configuration and ‘reference configuration’ (i.e., subframe 7 in the above example), the expectation is that they will be used for NR uplink transmissions and so generally they cannot be assumed to be available for LTE UL (or DL). However, in principle, it is possible to use these subframes for LTE PUSCH transmissions whenever there is no NR PUSCH transmission. In such cases, it is beneficial to define some default UE behavior for this case. From UE perspective, since the LTE scheduling timeline is slower than NR, and the UE is operating with a single transmitter, the expected behavior is that LTE UL is transmitted, and NR UL is dropped if colliding UL transmissions occur. Also, if the UE indicates a capability of dynamic power sharing (this capability is independent of whether UE is in a ‘difficult band combination ‘or not), NR side of the UE will anyway be aware of transmission activity on the LTE and same behavior is expected for this case. 


Proposal 2

· Case 1 HARQ timing (i.e., specifying a ‘reference TDD configuration’ for DL HARQ timing) for intra-band EN-DC operation with TDD Pcell needs further study
· If LTE PUSCH transmissions are allowed in subframes indicated as ‘UL’ in SIB2 configuration and indicated as ‘DL’ in UE-specific reference TDD configuration, and if there are colliding LTE and NR transmissions in the same subframe, the UE is expected to transmit LTE and drop NR.


Conclusions
In this document, we discuss some approaches for improving single-tx operation for EN-DC and propose the following
Proposal 1

· Following enhancement for PRACH should be studied
· If a UE is configured with Case1 HARQ timing, UE’s PRACH transmissions are not limited to the UL subframes given by subframe-Assignment-r15 (i.e., for FDD, UE can transmit PRACH in any UL subframe).
· If the UE’s LTE PRACH transmission collides with an NR UL transmission, PRACH transmission is prioritized.
Proposal 2

· Case 1 HARQ timing (i.e., specifying a ‘reference TDD configuration’ for DL HARQ timing) for intra-band EN-DC operation with TDD Pcell needs further study
· If LTE PUSCH transmissions are allowed in subframes indicated as ‘UL’ in SIB2 configuration and indicated as ‘DL’ in UE-specific reference TDD configuration, and if there are colliding LTE and NR transmissions in the same subframe, the UE is expected to transmit LTE and drop NR.
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Annex A

Limiting the number of UL subframes due to Case 1 HARQ configuration will increase HARQ RTT resulting in increased latency. This illustrated via system simulations in this Annex
Table 1 below shows performance comparison of LTE Pcell with TDD config 2 (DSUDDDSUDD) and TDD config 5 (DSUDDDDDDD). It should be noted that TDD Pcell with Case 1 HARQ timing would have worse performance than TDD config 5 results shown below as subframe 7 cannot be used for DL.

Table 1 – Performance comparison of TDD conf 2 and TDD config 5
	
	Low load (~5% RU)
	Medium load (~20% RU)
	Medium load (~30% RU)

	
	TDD config 2
	TDD config 5
	TDD config 2
	TDD config 5
	TDD config 2
	TDD config 5

	Median tput (Mbps)
	1.6
	1.3
	1.53
	1.25
	1.51
	1.23

	Median tput loss 
	-
	18.75%
	-
	18.3%
	-
	18.54%

	Cell edge tput (Mbps)
	1.38
	1
	1.25
	0.88
	1.1
	0.75

	Cell edge tput loss 
	
	27.54%
	
	29.6%
	
	31.82%



System simulation evaluation assumptions are shown in Table 2 below
· Simulation assumptions are reused from the SI on latency reduction for LTE
· TCP is modelled in the evaluations to capture the full affect of latency reduction on data
· For DL data traffic, the corresponding UL traffic is modelled such as L1 HARQ-ACK feedback and high-level feedback up until TCP-ACKs on PUSCH

Table 2 – Evaluation assumptions
	Parameter
	Value

	Number of sites, sectors per site
	7, 3

	Inter-site distance
	500m (LTE case 1 deployment)

	UE dropping
	Random uniform, 80% indoor

	UE speed
	0 (no mobility)

	UE Multipath speed
	3 km/h 

	Frequency
	2 GHz

	Duplex
	LTE FDD, LTE (FDD-)TDD config.1, LTE (FDD-)TDD config.2, LTE TDD config.5

	Bandwidth
	10 MHz

	TX power
	46 dBm (eNB), 23/18 dBm (UE) 

	Antenna heights
	25m (eNB), 1.5m (UE)

	N TX antennas x M RX antennas
	2x2 (eNB), 1x2 (UE)

	MIMO
	2x2 (DL), 1x2 (UL)

	Antenna pattern
	3GPP TR36.819

	FTP download file size
	100kB

	FTP model
	1

	Fast Fading Model
	ITU Uma TR36.819

	Pathloss Model
	ITU Uma TR36.814

	TCP Configuration
	Slow Start: Exponential default
Congestion control: Reno
TCP congestion window increase during slow-start relaying on number of acked packets

	Number of PDCCH symbols
	2

	Link adaptation
	Outer-loop correction (Target BLER 10%)

	Core, transport, and internet delay
	10ms

	RLC AM max ReTX threshold
	32

	Scheduler algorithm
	Proportional fair

	UL access
	SR-based

	UL retransmissions
	Non-adaptive
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