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1 Background

The impact of 1Tx TDM (single-switched UL) operation on UL and DL performance of NSA deployments for intra-band EN-DC deployments has been discussed without conclusion [1]. UL performance benefits for devices only supporting 1Tx TDM in intra-band contiguous EN-DC deployments has also been claimed [2]. 

In this contribution we establish that dual (concurrent) UL is essential for dual connectivity to enable envisioned 5G performance for initial NSA deployments:
· Network performance significantly degrades with single-switched TX UEs

· UL data rate for LTE and NR CG are significantly reduced (always)

· DL data rate for LTE is significantly reduced (unless LTE Rel-15 feature is supported by the UE)

· LTE and NR latency are always sacrificed 
· UL and DL data rate degradation cause 5G coverage reduction
Besides the performance drawbacks, we remark that TDM operation implies tighter coordination also in UEs not devised for power sharing (separate RFIC). Multi-vendor solution may also be more difficult with TDM requirements. One of the virtues of dual connectivity in general is the absence of tight timing requirements on lower layers.
The discussion herein concerns EN-DC but similar issues arise for architecture 4/4A.
2 Impact of SUO on UL and DL cell-group performance 
1Tx TDM operation (single-switched UL) operation without support of dual (concurrent) UL has implications on the network and user performance both in the UL and DL:
-
Latency impact (NR and LTE)

-
Due to the static partitioning of UL subframes among the LTE CG and the NR CG, each CG will suffer an increased packet delay, on average a ~5ms increase per packet (see examples below)
-
NR DL data rate 

-
is impacted due to the increased delay as stated above: lower-layer control loops work slower, HARQ feedback and re-transmission, slower TCP ramp up, etc.

-
LTE DL data rate 
-
is impacted as the coverage of the UL ACK will be reduced due to degraded PUCCH detection performance with more scheduled ACK bits in fewer available ULs, which in turn reduces the DL throughput due to retransmissions.
-
is severely impacted due to unusable DL subframes for UEs not supporting the new (LTE) TDD configurations “HARQ timing case1”; the impact for these devices goes with the same ratio as the subframe partitioning, e.g. 80% reduction in LTE DL data rate  (depending on the TDM pattern used).
-
UL data rate per CG (NR and LTE)

-
is impacted severely with same ratio as the subframe partitioning, e.g. typically 80% reduction in UL data rate for LTE and 20% reduction for NR (depending on the TDM pattern configured)
-
UL coverage per CG (LTE and NR)
-
taking away UL slots means to effectively reduce coverage by 3dB if 50% of Tx opportunities per CG are lost
-
a 2TX UE at cell edge can transmit full power using one leg and use 100% of the available UL time slots

-
a 1TX TDM UE at cell edge can transmit full power using one leg and use only 50% of the said UL time slots 

-
1TX TDM relies on LTE-NR scheduling coordination. This coordination is based on semi-static partitioning of UL resources, so it cannot adapt to dynamic effects like changing traffic loads. Moreover, in practice, coordination between nodes/BBs/vendors always comes with imperfections, which further reduces performance. 
-
Negative impacts on channels other than data or control, e.g. reduced SRS capacity, reduced SRS coverage etc.
- 
Significant reduction in NR’s cell configuration flexibility: supporting 1TX TDM does not only impact 1TX TDM, but it also impacts all UE’s in the cell. In particular, the PRACH channel is configured per cell for both LTE and NR cells for all UEs. In order to support 1TX TDM, the PRACH channel in LTE cell should be placed in a subframe that can be used by 1TX TDM UEs as UL subframes in LTE. Similarly, the PRACH channel in NR cell should be placed in a slot that can be used by 1TX TDM UEs as UL slots in NR. This implies that the NR-cell TDD configuration will be tightly impacted by the TDM configurations supported in LTE cell, which signifcantely reduce the flexibility in configuring NR-cells. While the argument above is made for PRACH channel, the same argument applies for MSG3 which has strict timing relation with PRACH and MSG2.  
3 Examples for FDD and TDD
Next we illustrate the impact of 1 TX TDM in timing diagrams. 
The TDM-pattern is based on the HARQ timing for a TDD Pcell in a configuration with an FDD Scell shown in Figure 1 for configuration 2. For EN-DC with an FDD MCG the “S” is replaced by a “D” and the “U” is transmitted in the UL frequency band. For the HARQ-ACK the a UE is configured by higher layers to use PUCCH format 3/4/5. 
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Figure 1: TDD Pcell timing when configured with an FDD Scell.

We immediately observe that the HARQ delay and thus the LTE latency increase, for FDD the HARQ delay is 4 sub-frames normally. 

For the HARQ-ACK the UL PUCCH demodulation performance degrades with the number of scheduled ACK bits. In the example in Figure 1, five DL subframes are mapped to the UL opportunity (the “D” in the DL band coinciding with the “U” can be multiplexed on the “U”). This comes at a cost: the UL PUCCH coverage is degraded and the number of UL retransmissions may increase in the coverage-limited scenario often quoted as advantageous for single-switched UL (TDM pattern). This means that the DL throughput may be degraded and the latency further increased when the TDM pattern is configured. 
Figure 2 illutrates the UL/DL opportunities for an FDD MCG (LTE) and an FDD SCG (NR) the UL/DL opportunities.
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Figure 2: UL/DL opportunities for a FDD MCG and FDD SCG and various TDM patterns.

It is immediately evident that the UL data rate will be decreased on both CG with the sub-frame partitioning, which also reduces the UL coverage for a given target data rate for both CG. Furthermore, for LTE (the anchor carrier) the PUCCH performance will be degraded, which may decrease the DL rate and increase further the latency due to UL retransmissions in coverage-limited scenarios. 
For the NR CG the HARQ delay will increase and HARQ multiplexing of multiple PDSCH is needed. 
The DL data rate, e.g. TCP performance, will be affected by larger delay and fewer UL opportunities on both CGs. 
Figure 3 shows the case of a TDD MCG and TDD SCG with TDD configured with U/D configuration 2, which is commonly used in networks. For TDD we have the additional constraint -- at least for now – that the CG may have to be synchronised. In case of intra-band EN-DC the U/D configuration must be synchronised with other channels in the band, while for inter-band combinations the U/D coordination also depends in the UE capability of simultaneous Tx-Rx.
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Figure 3: UL/DL opportunities for a TDD MCG and FDD SCG and U/D configuration 2. Blank slots denote “no transmission”.
For TDD only the (old) “SUO Case 2” is available by which the UL opportunities are determined by the gNB in a transparent manner. For the case shown in Figure 3 we assume intra-band EN-DC with synchronised carriers; the “X” in the TDD SCG is the flexible frame that could also be replaced with a “D”. 

Supposing the UL opportunities are partitioned equally between the CG in Figure 3, the UL throughput would be reduced on both CG; the latency on the SCG may also increased significantly since more DL slots need to be multiplexed on fewer UL opportunities. The DL data rate may be reduced by 50% on the MCG and the latency increased on the MCG; the DL subframes mapped to the UL subframes would have to be multiplexed on that available. The configuration and HARQ-ACK feedback is not as flexible on the MCG (configured by higher layers), which is hard to reconcile with the scheduling of the UL slots by the transparent “SUO Case 2”. The DL data rate on the SCG may also be affected by the UL ACK demodulation performance: more ACK bits will have to be multiplexed on fewer UL opportunities.

Fall-back may be a more attractive option for the TDD case in case of coverage limitations for dual-UL due to e.g. UE power reductions (A-MPR)..

For both the FDD and TDD cases in Figure 2 and Figure 3 the scheduling of other UL control signalling e.g. SRS and PRACH is also affected by limited UL opportunities.
4 UE power back-off for dual-UL operation
UL performance benefits for devices only supporting 1TX TDM (single-switched TX) in intra-band contiguous EN-DC deployments has also been claimed [2]. Large worst-case values of the A-MPR are used to illustrate coverage and performance impairments. We remark that, in general, the A-MPR is an allowed maximum power reduction and hence a minimum requirement. The actual power reduction applied by the UE is smaller and also depends in the PRB allocation. The PHR (the power headroom report; the remaining UE power) is also based on the actual power reduction applied by a UE for the current transmission.
It is recognized that the power back-off will be higher for simultaneous UL compared to TDM, but the A-MPR values quoted by in [2] appear excessive for both single and dual PA as compared to other measurements reported. Furthermore: the link budget comparison between single- and dual-UL presented in [2] is based on excessive A-MPR for particular worst-case UL channel assignments. 
In case the power headroom is insufficient with dual UL an RRC reconfiguration of the connection can be made, or alternatively, TDM operation be used if supported. The UE cannot request TDM operation; this is based on network configuration following e.g. PHR on both CG irrespective of the power sharing capability. The TDM pattern is also configured in the RRC connection reconfiguration and can be used (if supported) or a fall-back to LTE be initiated (RRC reconfiguratuion again)  in case the PHR of the two CGs are negative. This is regardless of the UE capability of dynamic power sharing.
Devices not supporting dynamic power sharing will be allowed a higher A-MPR. However, the network behavior would still be the same: fall-back or any possible TDM can be considered as indicated by PH and CSI reports. At any rate, the power reductions specified should not only consider the worst-case allocations and channel assignments not to unnecessarily degrade dual UL coverage. 
5 Proposal
Dual concurrent UL is essential for dual connectivity to enable envisioned 5G performance for initial NSA deployments. User and network performance significantly degrade with 1Tx TDM (single-switched UL) UEs. 
Proposal 1: the understanding of support of dual-uplink operation for dual connectivity without tight timing requirement is maintained and the support of concurrent UL operation is mandatory for NSA operation in any EN-DC band combination.
This does not mean that TDM cannot be configured by the network for band combinations for which TDM is supported.

Observation 1: single-UL is already agreed as fall-back for difficult band combinations (as governed by Annex A in 38.101-3 for difficult PRB allocations)
Observation 2: the network can always configure single-UL for any EN-DC band combination if supported by the network.

One of the virtues of dual connectivity in general is the absence of tight timing requirements on lower layers.
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