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Introduction
[bookmark: _GoBack]In paper R3-171111 assumptions on how retransmission would work in Option 2 as well as simulation results on the performance of Option 3-1 have been shown. In R3-171111 the assumptions made on solutions for option 2 seem incorrect. Moreover, in R3-171111 the results shown indicate that there is no TCP throughput performance degradation when the delay between a CU and DU of a RAN node increases. This result seems not in line with previous analysis performed in 3GPP. This paper responds to R3-171111.
Discussion
In the following, we first describe the handover (HO) procedure in option 2 and we explain that there are no additional requirements with respect to option 3-1. Then, we comment on the simulation results in R3-171111 and raise several concerns. 

Handover in option 2 and option 3-1
In R3-171111 Section 2.1 the HO procedures in option 2 and option 3-1 are analysed with focus on the retransmission of lost RLC PDUs. For option 2, two alternatives are presented, namely option 2a and 2b. In option 2a, the lost RLC PDUs are forwarded from the source DU to the target DU (via the CU). In option 2b the CU maintains a copy of the not-ACKed PDCP PDUs and transmits them directly to the target DU.
In LTE dual connectivity (DC) the MeNB maintains a copy of the not-ACKed PDCP PDUs for the sake of flow control. We expect that a similar approach will be used also in option 2. Therefore, we think that maintaining a copy of PDCP PDUs in option 2 is in line with the existing DC design and it does not add any extra complexity. Besides, it needs to be pointed out that a buffer of data at the CU would always needed to be kept, in order to absorb throughput and latency fluctuations over the NG-U interface. Consequently, alternative 2b is amongst the approaches that would provide best performance and it can be applied without any additional requirements with respect to option 3-1. 
In more details, here are points for comparison between the two options:
· Flow control is needed also in option 3-1. Therefore, in option 3-1 buffers are required in both CU and DU. Buffering in the CU is even more a need because of centralised ARQ retransmissions. We then expect that the overall buffering requirements are the same in option 2b and option 3-1. 
· An ARQ-like function for option 2b is not needed. Instead, after taking the HO decision, the CU can directly send a copy of the not-ACKed PDCP PDUs to the target DU or wait for a ‘PDCP status report’ from the UE. This is in line with PDCP retransmission functions already present in LTE for DC. There is no need for addition signalling. 
· Any extra notification over the Fs interface is also not needed, as mentioned in Table 2.1-1 of R3-171111. In fact, after taking the HO decision, the CU can directly send a copy of the not-ACKed PDCP PDUs to the target DU or wait for a ‘PDCP status report’ from the UE. There is no need for additional signalling.
In conclusion, the HO procedures in option 2b and option 3-1 have the same requirements and are expected to have similar performance, i.e., option 3-1 does not introduce any advantage compared to option 2b. The only potential benefit of option 3-1 is that it allows to retransmit lost RLC segments, while in option 2b the entire PCDP PDUs are retransmitted. However, this benefit is proven to be marginal [1]. More details for the possible HO procedure in option 2 are in [2, 3].
Observation 1	The HO procedures in option 2 and option 3-1 have the same requirements and are expected to have similar performance, i.e., option 3-1 does not introduce any advantage compared to option 2.

It is also important to note that RAN2 agreed that it is possible to have HO without PDCP re-establishment [4], i.e., without security key change. However, RAN2 did not agree on a HO procedure without RLC re-establishment. The main concerns that were raised in RAN2 is that a HO procedure without RLC re-establishment is complex and the benefits are not clear. Therefore, currently it is not possible to perform an HO in option 3-1 while maintaining the RLC state. Therefore, if we had to stick to the current RAN2 agreements and in light of the joint RAN2-RAN3 meeting discussions during RAN3-9???, where it was concluded that any decision from RAN3 on high layer split architectures would not impact RAN2 work, we shall conclude that also in option 3-1 it is necessary to retransmit entire PDCP PDUs.
Observation 2	RAN2 agreed that it is possible to perform HO without PDCP re-establishment. However, RAN2 did not agree that it is possible to perform HO without RLC re-establishment. Therefore, retransmission of lost RLC PDUs in Option 3-1 would need retransmission of PDCP PDUs containing the missing RLC PDUs.

Simulation results for option 3-1
In R3-171111 Section 2.2 the DL TCP throughput for option 3-1 as a function of the fronthaul (FH) latency is shown and discussed. The simulation results are reported below in Fig. 1. It can be seen that the TCP throughput is completely constant with respect to the FH latency. 
[image: ]
Figure 1: TCP throughput for option 3-1 as a function of the FH latency as shown in R3-171111.
This result seems to contradict previous results achieved during the study RAN2 carried out on dual connectivity. In fact, in TR36.842 (see [6]) the following results were captured:
[image: ]
Figure 2: Throughput performance between Alternative 3C and 3D as a function of data reordering timer (captured in TR36.842, Figure 8.1.1.11-3)

Figure 2 shows the TCP throughput variation as a function of the PDCP reordering timer for DC option 3C (based on centralised PDCP) and DC Option 3D (based on centralised RLC). 
To understand the relation between Figure 2 and the results from R3-171111 it has to be explained that the PDCP reordering timer is a timer started when PDCP detects a missing PDU (gap in PDCP SN). At expiration of such timer, the PDCP layer sends all collected packets up to the TCP/IP layer. Obviously, such release needs to be done ideally when all PDCP packets have arrived, otherwise the TCP layer would detect missing packets and it would trigger congestion control. Therefore, the PDCP reordering timer should be higher than the sum of delays affecting reception of PDCP traffic. These delays include fronthaul delays.
It can be concluded that an increase in fronthaul delay for Option 3-1 would lead to an increase of a PDCP reordering timer. But this event has been proven to impact TCP throughput, as shown in Figure 2. In fact, TR36.842 mentions the following with respect to such TCP throughput degradation:
“In contrast, the throughput performance of Alternative 3D [based on centralised RLC] is decreased as the reordering timer increases. This is due to the delay of RLC retransmissions which affects the TCP congestion control.”
Namely, the TR already established that a delay in RLC retransmissions due to fronthaul latency would affect TCP congestion control. This is not in line with the results in R3-171111, which show no impact on TCP throughput at the increase of fronthaul delays.
Observation 3: the PDCP reordering timer increases with increase of fronthaul delay. Due to the dependency of PDCP reordering timer and TCP throughput, it can be observed that increases in fronthaul delay have an impact on TCP throughput 

Conclusion 1: The results in R3-171111, showing no TCP throughput impact when fronthaul delay increases, are in contradiction with study results in TR36.842, where the opposite was concluded


A dependency of TCP throughput with fronthaul delays was also shown in [5] and [7], where similar conclusions were reached, i.e. increases in fronthaul delay imply a decrease of TCP throughput.

When reflecting on how could it occur that TCP throughput is completely constant with respect to the FH latency two possible explanations could be given:    
· The TCP is not shrinking the transmission window if a packet loss is detected, but instead it continues sending data. In this case, the TCP throughput is always high, but in a situation of network congestion TCP behaviour would only make the congestion worst. That is because TCP will keep on pumping data to a network that is saturated, hence more losses will occur, which may significantly impact the end-user QoE and compromise the e2e service quality.
· Another possible explanation is that in the simulation time no RLC retransmissions are performed. This would in our opinion restrict the validity of the results significantly, i.e., the results would be only applicable in case that there are no ARQ retransmissions.  
Observation 4	More details are needed to clarify the simulations results in R3-171111 (Fig. 1). 


Conclusion
In this paper responses to the analysis in R2-171111 have been provided. The paper made the following Observations:
Observation 1	The HO procedures in option 2 and option 3-1 have the same requirements and are expected to have similar performance, i.e., option 3-1 does not introduce any advantage compared to option 2.

Observation 2	RAN2 agreed that it is possible to perform HO without PDCP re-establishment. However, RAN2 did not agree that it is possible to perform HO without RLC re-establishment. Therefore, retransmission of lost RLC PDUs in Option 3-1 would need retransmission of PDCP PDUs containing the missing RLC PDUs.

Observation 3:	the PDCP reordering timer increases with increase of fronthaul delay. Due to the dependency of PDCP reordering timer and TCP throughput, it can be observed that increases in fronthaul delay have an impact on TCP throughput

Observation 4	More details are needed to clarify the simulations results in R3-171111 (Fig. 1). 

The following conclusion was reached:

Conclusion 1: The results in R3-171111, showing no TCP throughput impact when fronthaul delay increases, are in contradiction with study results in TR36.842, where the opposite was concluded

Observation 1	The HO procedures in option 2b and option 3-1 have the same requirements and are expected to have similar performance, i.e., option 3-1 does not introduce any advantage compared to option 2b.
Observation 2	RAN2 agreed that it is possible to perform HO without PDCP re-establishment. However, RAN2 did not agree that it is possible to perform HO without RLC re-establishment. Therefore, currently also in option 3-1 it is necessary to retransmit entire PDCP PDUs.
Observation 3	More details are needed to clarify the simulations results in R3-171111 (Fig. 1(a)). Form our analysis, it seems that these simulation results confirm that option 2 is more robust against FH latency with respect to option 3-1, and that option 2 offers overall better performance. 
Conclusion	Option 2 is more robust against FH latency with respect to option 3-1, and offers overall better performance. 
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