3GPP TSG RAN WG3#95bis 
                                                                           R3-171023
Spokane, USA, 3rd – 7th April 2017
Agenda item:
10.14.2
Source: 
ZTE, China Telecom, China Unicom
Title: 
Discussion on the data retransmission in intra-gNB multi-connectivity for option2 and option3-1
Document for:
Discussion 
1. Introduction
In RAN3 #95, there is conclusion [1]:

----------------------------------------------------------------------------------------------
There shall be normative work for a single higher layer split option, i.e. Stage 2 and Stage3. In the meantime, if other decisions cannot be made, RAN3 recommends to progress on Option 2 for high layer RAN architecture split. The contributions to the April meeting with regards to option2 against option 3-1 should be limited to address the fast centralized retransmission of lost RLC PDUs.
----------------------------------------------------------------------------------------------
In this paper, we provide our analysis on the performance of lost RLC PDUs recovery for both option2 and option3-1 in multi-connectivity transmission scenario.
2. Discussion
Data retransmission caused by instantaneous random error
In LTE, two-level retransmission mechanism is used to grantee the reliable data transmission:

· The HARQ scheme in MAC is some kind of fast retransmission protocol which aims to resist the short time fading transmission error. 
· The ARQ mechanism in RLC is some kind of slow retransmission protocol which aims to resist long time fading transmission error, and only residual HARQ errors are detected and corrected by RLC.
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Figure1: RLC retransmission probability simulation
From the simulation results shown above, which is based on the random BLER error module, it can be observed that, for the most instantaneous random transmission errors, both the 2nd and 3rd RLC retransmission ratio is very low and can be negligible. It means lost RLC PDUs can be retransmitted fast and successfully in current DU leg from most instantaneous random transmission errors, it is not necessary to change the retransmission to other DU leg.
Observation 1: For the instantaneous random transmission errors, in most cases, the lost RLC PDUs can be retransmitted successfully in current DU leg, and it is not necessary to change the retransmission to the other DU leg. 
For the option 3-1, according to the analysis given in [2], since both the pooling and status report will suffer the fronthaul latency, extra RLC retransmission delay will be introduced, which will lead to negative impact on the overall throughput.
Observation 2: For the instantaneous random transmission errors, compared to option2, option 3-1 will introduce extra RLC retransmission delay, which will lead to negative impact on the overall throughput.
Data retransmission in case of leg broken

For the option 2, in order to distinguish the instantaneous random error from leg broken, some kind of event will be defined in both the NW side and UE side (e.g. it has already been agreed in RAN1 that beam failure can be detected by either the NW side or UE side). Once the leg broken is detected by either the DU or UE, some kind of leg broken indication should be sent to CU and the CU can know which PDCP PDUs need to be retransmitted based on information carried in the indication. One example is given as follow:
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Figure: Example on the leg switch procedure for option 2

STEP 1: Once the leg broken is detected by DU2, the DU2 should send the leg broken indication to CU and also inform CU the successfully delivered PDCP Sequence Number, which is similar as the information we designed for flow control in X2 interface. 
STEP 1’: Once the leg broken is detected by UE, one leg broken indication should be sent to CU through the good leg (i.e. DU1). In addition, the PDCP status report should also be included to inform the CU which PDCP PDUs should be retransmitted (PDCP recovery procedure can be reused in this procedure). 
STEP 2: Once the leg broken indication is received, the CU should determine which PDCP PDU need to be retransferred based on the information received and deliver the retransmission PDCP PDU to DU1 for retransmission. 
STEP 3: Once the retransmission PDCP PDU is received by DU1, the DU1 should deliver these retransmission PDCP PDU to UE.

For the option 3-1, even the RLC ARQ is located in the CU, it is still difficult for the RLC to distinguish the leg broken from the instantaneous random error by one or several transmission error. In addition, since the MAC is located in DU and the beam management function is part of MAC, the detection of leg broken should still be part of the function of DU. Additional, on RLC UM mode, even the instantaneous random error can not be detected by RLC. So, the event triggered leg switch mechanism should also be used in option 3-1. One example is shown as follow:
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Figure: Example on the leg switch procedure for option 3-1

STEP 1: Once the leg broken is detected by DU2 (e.g. detected by MAC in DU2), the DU2 should send the leg broken indication to CU. 

STEP 1’: Once the leg broken is detected by UE side, one leg broken indication should be sent to CU through the good leg (i.e. DU1). In addition, the RLC status report should also be included to inform the CU which RLC PDUs should be retransmitted. 
STEP 2: Once the leg broken indication is received, the CU should determine which RLC PDU need to be retransferred and deliver the retransmission RLC PDU to DU1 for retransmission. 

STEP 3: Once the retransmission RLC PDU is received by DU1, the DU1 should deliver these retransmission RLC PDU to UE.
Besides the downlink transmission, the uplink transmission should also be considered in case the leg broken is detected. For both option 2 and option 3-1, considering two MAC entities will be located in DU1 and DU 2 separately, and the scheduling for UL data transmission will be made based on the BSR (i.e. buffer status report) reported by UE. In order to avoid redundant scheduling, the data buffered in UE side will be splitted into two part for each leg according to some kind of pre-configured ratio (assume the LTE DC similar solutions will be used), and the BSR reported in each leg will only include the data which is expected to be transmitted in this leg (splitted based on the ratio configure. For example, the NW can configure 40% data will be transferred in leg1 and the remaining 60% percent will be transferred in leg2.). Based on this mechanism, whenever a leg broken is detected, some kind of event has to be triggered and the UE will update the BSR reported in the good leg to include the amount of data which is included in the BSR of the broken leg.  
According to the analysis above, considering both the data transmission in uplink and downlink, we think the leg switch procedure should be event trigger and the signalling procedure is quite similar for both option2 and option3-1 in the case of leg broken.
Observation 3: For the case of leg broken, the event based leg switch should be used for both option2 and option3-1 and both the signalling procedure and performance are quite similar for the case of leg broken.
For the option 2, from the standardization point of view, thanks to the LTE DC and LTE/NR tight interworking similar architecture, lots of the signalling procedure and UP procedure (e.g. flow control) can be reused in the CU/DU interface, and the impact on RAN2 is quite clear and limited. However, for the option 3-1, since the UP architecture is quite different from what we defined in either LTE DC or LTE/NR tight interworking, considerable complexity will be introduced in the standardization work. In addition, considering the uplink data transmission, the option 3-1 cannot be fully supported by RAN2 (e.g. how to report the BSR in case both leg share the same RLC? how to achieve data duplication since only PDCP duplication is agreed for NR?), which means, for case of intra-gNB multiple connectivity, how does the option 3-1 works are still not clear enough. Without a clear full picture, it will be difficult for RAN3 to evaluate the performance and understand the complexity of option 3-1 in case of intra-gNB multiple connectivity.
Observation 4: For the case of intra-gNB multiple connectivity, for the option 2, lots of the signalling procedure and UP procedure (e.g. flow control) can be reused in the CU/DU interface, and the impact on RAN2 is quite clear and limited. However, for the option 3-1, since the option 3-1 cannot be fully supported by RAN2 and not much discussion has been made on option 3-1 in RAN2, how does the option 3-1 works are still not clear enough, especially for the uplink data transmission.
Based on the observation 1, 2 and 3, compared to the option 2, we do not see any benefit in option 3-1 in neither the retransmission caused by instantaneous random error nor the retransmission caused by the leg broken. On the contrary, it can be clearly observed that, for the case of retransmission caused by instantaneous random error, considering the fronthaul delay, the option 2 can provide better performance in both the retransmission latency and the overall throughput.  Also take the observation 4 into account, we give our proposal as:
Proposal 1: Take the option 2 as the way forward for stage 2 and stage 3 works in WI phase.

3. Conclusion
RAN3 is kindly asked to discuss and adopt the following observations and proposals:
Observation 1: For the instantaneous random transmission errors, in most cases, the lost RLC PDUs can be retransmitted successfully in current DU leg, and it is not necessary to change the retransmission to the other DU leg.
Observation 2: For the instantaneous random transmission errors, compared to option2, option 3-1 will introduce extra RLC retransmission delay, which will lead to negative impact on the overall throughput.

Observation 3: For the case of leg broken, the event based leg switch should be used for both option2 and option3-1 and both the signalling procedure and performance are quite similar for the case of leg broken.
Observation 4: For the case of intra-gNB multiple connectivity, for the option 2, lots of the signalling procedure and UP procedure (e.g. flow control) can be reused in the CU/DU interface, and the impact on RAN2 is quite clear and limited. However, for the option 3-1, since the option 3-1 cannot be fully supported by RAN2 and not much discussion has been made on option 3-1 in RAN2, how does the option 3-1 works are still not clear enough, especially for the uplink data transmission.
Proposal 1: Take the option 2 as the way forward for stage 2 and stage 3 works in WI phase.
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