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1
Introduction
This paper responds to R3-171169 and R3-171171.
2
Discussion 
2.1  Discussion of R3-171169 and R3-171171
2.1.1 Criteria of Option comparison 
In R3-171169, there are some discussions and conclusions on the scenarios and procedure for centralised re-transmission. We would like to provide our views on some of the conclusions in the paper.
On the accuracy of re-transmitted data, the conclusion is as follows:
Conclusion 2: Solutions for centralised retransmission of lost RLC PDUs may target very fast retransmission, in which case some redundant retransmissions may occur, or they may target accuracy of retransmitted data (limiting retransmissions to lost data only) at the price of longer retransmission delays. The choice depends on the penalty that each of these aspects (delay or amount of redundant data) imposes
From our point of view, leg switch would be occurred frequently due to NR HF blockage characteristics, which includes intra-CU/inter-DU mobility and DU switch in multi-connectivity.  Due to the higher switching probability and 0ms interruption time requirement for NR mobility, the data retransmission should reduce the delay and avoid redundant data retransmission as much as possible. Hence, comparison of two options should be based on minimization of the delay and redundant retransmission
Observation 1: Considering the HF blockage characteristics and potential frequent leg-switch retransmission, fast retransmission should be targeted to avoid the redundant retransmission and achieve 0ms interruption time. 
2.1.2 Comparison between option2 and option3
In figure 1, we depict how option 2 and option 3 works for centralised RLC PDU re-transmission and make some comparison between the two solutions.
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                              Figure 1 solutions for centralised RLC PDU re-transmission in option2 and option 3
In option 2 architecture like above left figure, each leg has separate RLC entity and ARQ function. When link quality of one leg becomes poor, ARQ retransmission will only happen in the same leg. When DU finds that blockage occurs, it needs to inform CU of the failure Then the central unit may react for this situation by re-transmitting all PDCP PDUs that received no ACK. Alternately, as described in R3-171169, it may depend on the UE’s PDCP status report to make more accurate re-transmission. However, even with this enhancement, it still could not resolve the problem of redundant retranmission of RLC PDU segments since PDCP in CU could not have the RLC layer related information.
On the contrary, in option 3-1 architecture like above right figure, there is a central RLC ARQ function located in CU or UE. The RLC status report would be sent to CU which could know exactly which RLC PDU segments need to be retransmitted in another leg in case the original leg is broken. Considering the Jumbo frame introduction, which calls for a huge PDCP PDU size, RLC segment level retransmission brings bigger benefit. 
As analyzed in observation1,criteria of Option comparision should include two points i.e. interruption time and amount of redunctan retransmission.So,we would like to compare the two options from the two aspects.

·  Interruption time

In both option 2 and option 3, data retransmisison could be based on UE report i.e.PDCP status report or RLC status report or based on the link quality of each DU detection.      
For option 2,in case of multiple DU connectivities,if CU decide to perform leg switch,the RLC ARQ entity in the old leg would continue data transmission.Since the radio condition is bad, RLF would happen due to the reaching maximum re-tranmission number.Or another option is to reset/release RLC entity.In both of the situations,when the radio link of the old DU recover,RRC reconfiguration procedure has to be setup to reconfigure RLC entity,which would increase the latency of resuming data transmission in old DU. 

For option3,since ARQ function is in CU,when reusing the original leg for data transmission.no need to re-establish RLC layer which means no RRC message need to be invloved.So,the leg switch  interuption time could be ignored.

 What’s more,if status report method is adopted,for option 2, the retransmision delay relys on the latency of status report trigger and transmission, and the trigger latency depends on the PDCP T-reordering maitenance mechanism.In option 3,the trigger latency depends on the expiration of RLC-reorddering timer or the polling period.It is obvious that leg switch would be triggerred earlier in option 3 comparing to optio 2.
Observation 2:There is less interruption time during leg switch procedure in option 3

· Avoid of redundant retransmission

For this point,it has been discussed many time that option 2 would introduce redundant retranmission and also in R3-171169,it is admitted that in option 2
   Some RLC SDUs may be segmented in DU2. If one RLC PDU derived from segmentation of an RLC SDU is lost, while the remaining part of the RLC SDU is successfully delivered, the retransmission of the entire PDCP PDU including the lost RLC PDU would result in extra retransmission of data that were successfully transmitted already
 Observation 3:In option 2,there would be redundant retranmission which could be avoided in option 3
As to the amount of data that may be unnecessarily transmitted ,in R3-171169, it is further discussed as follows:
An analysis of how much extra retransmissions this will cause is performed in [2]. However, it is for now worth noticing that the amount of RLC PDUs that may be unnecessarily retransmitted is limited by two factors:

· A TTI can at most contain two RLC (PDU) segments

· In NR at most 4 HARQ processes can be run at the same time (at most 4 Transport Blocks worth of traffic can be processed)


So if retransmission is performed at PDCP level, the only way to achieve lost RLC PDU retransmission is by retransmitting the PDCP PDU that contains it. However, this may incur in a theoretical maximum amount of unnecessary retransmission of (2 RLC segments)*(4 HARQ processes)*(average RLC segment size). It is shown in [2] that the average amount of unnecessarily retransmitted data is negligible.

The above analysis only considers the RLC PDUs contained in one TTI. However, it would be regarded as blockage only when the bad radio condition last for several of ten milliseconds even up to one hundred milliseconds. In this case, the  possible redundant retranmission would be far more than (2 RLC segments)*(4 HARQ processes)*(average RLC segment size).
For exmaple, assuming after 100 ms blockage, CU decides to re-transmit the lost data in another leg. 
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The ratio of correct received RLC PDU  relative to all the RLC PDUs= 
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The number of RLC PDUs correctly received in the orignal leg  = 0.36*400(TTI)*2(RLC segments) 
The total amount of unnecessary retransmission data  = 0.36*400(TTI)*2(RLC segments) *(RLC segment size)
In [3],similar analysis is made for jumbo frame as follows
A PDCP PDU could be segmented into multiple RLC PDUs if the PDCP SDU size is large (e.g. jumbo frame) and/or SINR is low (i.e. when TBS is small). For example, assuming typical HARQ residue error rate as p = 1%, one PDCP PDU is segmented into N RLC PDUs. Then the ratio of retransmission resource relative to the resource for RLC PDU is 
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for RLC retransmission and PDCP retransmission, respectively.

Also, there is simulation on comparison of the resource utilization for PDCP retransmission and RLC retransmission in [3] which is also copied in the annex. Through the simulation result, it shows that Rxre retransmission resource ratio would increase greatly with the addition of N for PDCP re-transmissions.
So,based on the above analysis, the total amount of unnecessary retransmission data could not be negligible,if option 2 is adopted.
Observation 4: The redundant data amount in Option 2 cannot be negligible. If option 2 is adopted, there will be much more redundant retransmission i.e.far more than  (2 RLC segments)*(4 HARQ processes)*(average RLC segment size) which is described in R3-171169.
Observation 5: Redundant data retransmission would lead to more interruption time. 
2.1.3 Other questions on the simulation assumption 
Regarding the simulation in R3-171171,we have some question on the assumption of simulation.
In which case, would it be regarded as radio link outage? If the simulation is based on the assumption that RLC PDUs in only one TTI maybe unnecessary re-transmitted, it means the CU would change the UP traffic to another leg once there is 1ms radio link interruption. From our point of view, the cost would be very big if the leg change is triggerred by TTI level radio link interruption, the consequences would be that a huge number of  leg change could happen which impacts the system performance badly. So,we think the assumption of simulation needs to be refined.
So,we have the following observation:
Observation6: The assumption on the simulation in R3-171171 needs to be clarified and maybe some update is needed
2.2 Simulation result
In our simulations, one CU sends a big file (10000 packets) to UE via two DUs, i.e. master DU and backup DU. The backup DU is only used when a blockage in master DU link is identified. In option2, the CU can switch to backup DU when the PDCP layer receives the notification from RLC when RLC performs the third transmission of two successive RLC PDUs on the master DU link. In option3, the CU can  switch to backup DU when the RLC-HI layer receives a RLC status report which indicates a lot of RLC PDUs’ loss. For simplicity, no packet segmentation and concatenation is adopted in the simulation. 
We have run system simulations with the parameters shown in Table 1.

Table 1: Simulation Parameters
	Transmission direction
	DL

	TTI
	1 ms

	Fronthaul Delay between CU and DU
	4ms,8ms

	RLC mode
	AM

	BLER of master DU link
	10%  for unblockage/90% for blockage

	BLER of backup DU link
	10%

	Duration of blockage/unblockage
	100ms/300ms,200ms/600ms

	HARQ RTT
	8 TTI

	Number of HARQ transmissions
	4

	Number of packets
	10000


Performance metrics

We have measured two performance metrics:

· Total transmission time: 
· The time used for the transmission of all the packets.
· Avrg pkt delay:

· Average delay of all the packets
· Delay of each packet equals to the time interval between the time gNB PDCP receive the packet from high layer and the UE deliver the packet to high layer, including HARQ retransmissions, RLC retransmissions (option2/3), PDCP  retransmissions(option2) and processing time.
Performance results 

Table 2 shows the performance results achieved when the delay of the fronthaul is 4 ms
 Table 2 Simulation result when the delay of the fronthaul is 4 ms

	
	
	Option 2
	Option 3

	Without Blockage
	Total transmission time (s)
	11.151
	11.151

	
	Avrg pkt delay(ms)
	11.634
	11.641

	 Duration of blockage/unblockage
(100ms:300ms)
	Total transmission time (s)
	13.44
	12.955

	
	Avrg pkt delay(ms)
	17.695
	14.816

	Duration of blockage/unblockage
(200ms:600ms)
	Total transmission time (s)
	12.553
	11.983

	
	Avrg pkt delay(ms)
	14.061
	13.123


Table 3 shows the performance results achieved when the delay of the fronthaul is 8 ms
                                         Table 3 Simulation result when the delay of the fronthaul is 8 ms
	
	
	Option 2
	Option 3

	Without Blockage
	Total transmission time (s)
	11.155
	11.155

	
	Avrg pkt delay(ms)
	15.634
	15.658

	Duration of blockage/unblockage
(100ms:300ms)
	Total transmission time (s)
	13.444
	13.341

	
	Avrg pkt delay(ms)
	21.695
	19.115

	Duration of blockage/unblockage
(200ms:600ms)
	Total transmission time (s)
	12.826
	12.27

	
	Avrg pkt delay(ms)
	19.321
	18.208


As can be observed from the above table, when there is no blockage, the total transmission time and end to end latency is nearly the same for option 3 and option 2.Since option3 has a longer RLC RTT, the RLC retransmission packets in option3 experiences longer e2e delay than option2,  which leads longer avrg pkt delay in option3.
When blockages happens, the performance of option 3 is better than option 2 in both 4ms and 8ms fronthaul cases.  The gain of option3 is from more aggressive DU switch strategy, since RLC is more convenient to obtain RLC transmission status information and it costs lower overhead to perform DU switch in option3 than option2, e.g. option3 can retransmit failed RLC segment in backup DU.  
Hence, it could be observed:
Observation7: The simulation result shows that adoption of option3 could decrease the total transmission time and also the end to end delay for one package in case of radio link outage. 
With above simulation results, it is obvious that option 3 has a better performance than option 2, which is coincident with the theoretical analysis in observation 2 and 3. So, we have the following conclusion
Conclusion: From both theoretical analysis and simulation results, option 3 provides better performance than option 2 considering option 3 could enable fast RLC PDU segment retransmission which is not supported by option 2. 
3
Conclusions
This contribution make some analysis on the discussion and simulation result showed in R3-171169 and R3-171171, simulation results based on the characteristics of HF blockage are also provided. We have the following observations and conclusions
Observation 1: Considering the HF blockage characteristics and potential frequent leg-switch retransmission, fast retransmission should be targeted to avoid the redundant retransmission and achieve 0ms interruption time.

Observation 2:There is less interruption time during leg switch procedure in option 3

Observation 3:In option 2,there would be redundant retranmission which could be avoided in option 3

Observation 4: The redundant data amount in Option 2 cannot be negligible.If option 2 is adopted, there will be much more redundant retransmission i.e.far more than  (2 RLC segments)*(4 HARQ processes)*(average RLC segment size) which is described in R3-171169.
Observation 5: Redundant data retransmission would lead to more interruption time. 
Observation6: The assumption on the simulation in R3-171171 needs to be clarified and maybe some update is needed
Observation7: The simulation result shows that adoption of option3 could decrease the total transmission time and also the end to end delay for one package in case of radio link outage. 
According to the above observation, the following conclusion could be made: 
Conclusion: From both theoretical analysis and simulation results, option 3 provides better performance than option 2 considering option 3 could enable faster RLC PDU segment retransmission which is not supported by option 2. 
Based on the above conclusion, we have the following proposal:
Proposal1: It is proposed to take option 3 as the way forward for stage 2 and stage 3 works in WI phase.
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Annex Simulation result in R2-173438
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Figure 1: Comparison of RLC vs. PDCP retransmission
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