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1
Introduction
This paper responds to R3-170685.
2
Discussion
R3-170683 and R3-170685 argue how Option 2-1 is seen as better and how Option 3-1 is seen as worse. We discuss their observations especially on R3-170685 in this paper.

2.1
Discussion of assumptions for functional split options
First, we will discuss basic assumptions for an appropriate comparison of functional split options in 5G/NR, specifically for the functional aspect of the NR protocol stack, and for the assumptions for fronthaul latencies.
2.1.1
Protocol stack in NR
As mentioned already in [3], RAN2 agreed to a user plane protocol structure for NR. The following functions are different to LTE and have an impact on functional split options:
- 
Working assumption on no RLC concatenation is confirmed and concatenation will be performed in MAC. Note that this function is included in the MAC multiplexing function as described in TR 38.804 V0.5.1, Section 5.4.2:
“Multiplexing/demultiplexing of MAC SDUs belonging to one or different logical channels into/from transport blocks (TB) delivered to/from the physical layer on transport channels;”
- 
Re-ordering functionality is located in PDCP layer only.

- 
RLC retransmission (ARQ) is not assumed to be used for meeting the strict user plane latency requirements of URLLC.

The following figure from TR 38.804 V0.5.1 illustrates the NR protocol stack. Options 2-1 and 3-1 functional splits are indicated as well. It can be observed that the NR protocol stack is clearly different from LTE protocol stack in respect of re-ordering and concatenation functionality.
Observation 1: NR protocol stack is different from LTE protocol stack in respect of re-ordering and concatenation functionality, i.e., RLC is not anymore performing these functions.
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Fig. 1. NR L2 UP protocol stack with functional split options 2-1 and 3-1
2.1.2
Fronthaul transport assumptions
In contrast to backhaul transport between radio nodes, fronthaul transport has different characteristics. Specifically, it can be assumed that one-way latency values are lower since dedicated fronthaul transport links must be available between central and distributed unit. This is also considered in Table A-1 in TR 38.801, where a maximum value of 10ms given for different protocol split options. This is also because the large delay will affect RRC performance which is different from DC case, and 5G overall user throughput.
Table A-1 Requirements on the underlying transport network due to a certain functional split, as a consequence to support a certain feature/use case
	Protocol Split option 

	Required bandwidth 
	Max. allowed one way latency [ms] 
	Delay critical feature
	Comment

	Option 1
	[DL: 4Gb/s]
[UL: 3Gb/s]
	[10ms]
	
	

	Option 2
	[DL: 4016Mb/s]
[UL:3024 Mb/s]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           
	[1.5~10ms]
	
	[16Mbps for DL and 24Mbps for UL is assumed as signalling]

	Option 3
	[lower than option 2 for UL/DL]
	[1.5~10ms]
	
	

	Option 4
	[DL:4000Mb/s]
[UL:3000Mb/s]
	[approximate 100us]
	
	

	Option 5
	[DL: 4000Mb/s]
[UL: 3000 Mb/s]
	[hundreds of microseconds]
	
	

	Option 6
	[DL: 4133Mb/s]  

[UL:5640 Mb/s]
	[250us]
	
	[133Mbps for DL is assumed as scheduling/ control signalling.

2640Mbps for UL is assumed as UL-PHY response to schedule]

	Option 7a
	[DL:10.1~22.2Gb/s]
[UL:16.6~21.6Gb/s]
	[250us]
	
	[713.9Mbps for DL and 120Mbps for UL is assumed as  MAC information]

	Option 7b
	[DL:37.8~86.1Gb/s]
[UL:53.8~86.1 Gb/s] 
	[250us]
	
	[121Mbps for DL and 80Mbps for UL is assumed as  MAC information]

	Option 7c
	[DL:10.1~22.2Gb/s]
[UL:53.8~86.1Gb/s]
	[250us]
	
	

	Option 8
	[DL:157.3Gb/s]
[UL: 157.3Gb/s]
	[250us]
	
	


Note: The values are examples provided by LTE reference, as provided in [11] and [14] (modification of required bandwidth in [11]), and are to be replaced by NR values when available. The assumptions for required bandwidth are in Table A-2.

Observation 2: A maximum value of 10ms is assumed and agreed as a reasonable upper bound value for one-way fronthaul latency.

Under this assumption, a reasonable value for t-Reordering in PDCP value needs to consider the following factors:
· Fronthaul latency (max. 10ms), including small queueing delay, which leads to a ARQ re-transmission delay of maximum 30ms (first transmission, error notification, re-transmission).
· Air interface latency with consideration of HARQ retransmissions (e.g., with 0.125ms TTI and a maximum of 4 re-transmissions, the maximum air interface latency can be assumed to be in the extend of 1-2ms).
From these values, we conclude that t-Reordering value for NR should be selected in the range of 50ms to 100ms. Note that RLC RTT in LTE is already usually assumed to be in the extend of 75ms due to the lengthy HARQ RTT of 8ms, hence, the dual connectivity scenarios require much longer t-Reordering timers, e.g., over 150ms.
Observation 3: Values for t-Reordering in NR PDCP should be assumed to be up to 100ms without dual connectivity.
2.2
Discussion of R3-170685
In the contribution R3-170685, there are statements which seem to contradict the agreed assumptions on NR protocol stack. While it is correctly stated that PDCP layer does re-ordering for Option 3-1 (which is equally true for Option 2-1), it is claimed that increasing the t-Reordering timer in PDCP would lead to a worse performance for Option 3-1 then for Option 2-1. However, since both options perform re-ordering in PDCP layer as well as ARQ RTT should be in the extend of 30ms (as above), this statement is difficult to justify as obviously, the performance should not degrade by increasing the t-Reordering timer with only one option.
Observation 4: Both functional split options 2-1 and 3-1 assume re-ordering in PDCP layer. Any change to the t-Reordering timer in PDCP layer should therefore have the same impact on both options.

It is also correctly stated that an analysis of different options for LTE Dual Connectivity (DC) has been conducted in TR 36.842 [4] a few years ago. However, in this case, the DC option 3C (with PDCP re-ordering) has been compared with DC option 3D (with RLC re-ordering). We observe that option 3D is clearly different from functional split option 3-1, since in DC option 3D, re-ordering is performed in RLC layer. The reason is that when the t-Reordering timer is increased as in Fig. 2 below, the triggering of the RLC Status Report in the UE is delayed significantly which decreases the performance in case of DC option 3D. This is not the case in functional split option 3-1 as ARQ timer for status reporting in RLC is configured independently of the t-Reordering timer in PDCP.
Observation 5: LTE DC Option 3D is different from functional split option 3-1 in user plane protocol stack, specifically for the placement of re-ordering function.
Observation 6: In case of DC option 3D, increasing the t-Reordering (in RLC) increases the RLC Status Report triggering, delaying retransmissions. 

Observation 7: For functional split option 3-1, the RLC status report triggering timer is set independently of the t-Reordering timer in PDCP.
For clarification, the following figures are taken from TR 36.842 (Figure 8.1.1.11-3), and from R3-170685 (Figure 2).
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Fig. 2: Figure 8.1.1.11-3 from TR 36.842



Fig. 3: Figure 2 from R3-170685
It can be observed that the same parameterization for object sizes has been chosen for the right and left figures. It can be also observed, that results on the right figure seem to be very close to results for the LTE DC study, with exception of the values for Option 3-1 for t-Reordering values below 150ms, which seem to be not considered in the right figure and which show a better performance than 3C in the Figure 2 (left figure). However, as stated in TR 36.842 and discussed above, results for 3D in the left figure have been created with assumptions which are specific for LTE Dual Connectivity with 30ms backhaul as well as 2 separate links.
Given the analysis above, the functional split option 3-1 bitrate should not degrade as a function of reordering timer since the ARQ re-tx delay should be assumed to be constant (independent timer of PDCP t-Reordering). Furthermore, for non-dual connectivity case, the employed reordering timer values should be in the range of up to 100ms.
Observation 8: Results for LTE for Dual Connectivity conducted in TR 36.842 are not comparable with NR functional split results due to different assumptions for fronthaul latency, protocol stack, and t-Reordering timers. It is nevertheless worthwhile to note that 3D results show better performance than 3C results (which are similar to Option 2-1) in the range of t-Reordering timer below 150ms.
Proposal: There is no evidence for the claimed open issues of Option 3-1. LTE DC results cannot be used for evaluating 5G functional split performance.
3
Conclusions
Observation 1: NR protocol stack is different from LTE protocol stack in respect of re-ordering and concatenation functionality, i.e., RLC is not anymore performing these functions.

Observation 2: A maximum value of 10ms is assumed and agreed as a reasonable upper bound value for one-way fronthaul latency.

Observation 3: Values for t-Reordering in NR PDCP should be assumed to be up to 100ms without dual connectivity.
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Observation 5: LTE DC Option 3D is different from functional split option 3-1 in user plane protocol stack, specifically for the placement of re-ordering function.
Observation 6: In case of DC option 3D, increasing the t-Reordering (in RLC) increases the RLC Status Report triggering, delaying retransmissions. 

Observation 7: For functional split option 3-1, the RLC status report triggering timer is set independently of the t-Reordering timer in PDCP.
Observation 8: Results for LTE for Dual Connectivity conducted in TR 36.842 are not comparable with NR functional split results due to different assumptions for fronthaul latency, protocol stack, and t-Reordering timers. It is nevertheless worthwhile to note that 3D results show better performance than 3C results (which are similar to Option 2-1) in the range of t-Reordering timer below 150ms.
Proposal: There is no evidence for the claimed open issues of Option 3-1. LTE DC results cannot be used for evaluating 5G functional split performance.
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