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Introduction
The agreements on data duplication in last RAN2#97bis meeting are listed below:
Agreements:
1: RRC configures PDCP for duplication and the radio protocols of the UE with separate RLC entities and logical channels to handle duplicates (referred to as “legs”)
2: only one additional leg is configured for PDCP duplicates.
3: the original PDCP PDU and the corresponding duplicate shall not be transmitted on the same transport block.
FFS whether in CA case to support PDCP duplicates on the same carrier with some restriction to prevent them from being transmitted on the same transport block. (Noting that we have already agreed that they can be sent on different carriers)
4:	PDCP duplication solution for CA requires only one MAC entity.
5	logical channel mapping restrictions need to be introduced to handle duplicates in within one MAC entity (CA).

The intention of this contribution is to share some views on the PDCP data duplication for the case of CA.
Discussion
Whether to support PDCP duplicates on the different transport blocks of the same carrier in CA case?

In intention to introduce the data duplication in PDCP for CA is to guarantee both the reliability and low latency (without the requirement on low latency, then AM RLC is enough). So, the latency should also be considered in the PDCP duplication operation. In order to achieve the low latency requirement for the URLLC, both the transmission of original and the duplicated PDCP PDU should satisfy the requirement on low latency.
Observation 1: The requirement on low latency should also be guaranteed in the PDCP duplication operation for the case of CA and both the transmission of original and the duplicated PDCP PDU should satisfy the requirement on low latency.
Based on the agreements made in RAN2, two separate RLC entities and logical channels associated with one PDCP will be used to handle duplication. If two consecutive grants are received on one carrier, and if the PDCP duplicates on the different transport blocks of the same carrier is not allowed, then some kind of transmission gap will be introduced between the original PDCP PDU and the duplicated one, which means if the transmission of one PDCP PDU is failure, the second copy of the PDCP PDU may not be transmitted in time. In addition, considering the in-sequence delivery in RLC, once one RLC PDU is delayed compared to the other RLC associated with the same PDCP, all the RLC SDU buffered in RLC buffer will be delayed, which will lead to negative impact on the duplication gain for the URLLC services. 
One example is given as follow in figure 2-1. When grant1 in carrier1 is received at T1, PDCP data 1,2,3,4 should be transmitted. At T2, the next grant2 in carrier1 is received. For the PDCP duplicates on the different transport blocks of the same carrier is not allowed, PDCP data 5,6,7,8 should be transmitted instead of PDCP duplicate 1,2,3,4, until the grant3 in carrier2 is received. So the transmission gap is from T1 to T3. Further more, if PDCP duplicate 1 is lost, and is retransmitted at T4 when grant4 in carrier2 is received. The transmission gap would be from T1 to T4. And PDCP duplicate 2,3,4 can’t be delivered to PDCP till PDCP duplicate 1 is transmitted correctly at T4. 


Figure 2-1
Observation 2: If PDCP duplicates on the different transport blocks of the same carrier in CA is not supported, some transmission gap between the original PDCP PDU and duplicated PDCP PDU will be introduced, which will lead to negative impact on the transmission latency.
Based on the views above, in order to guarantee both the reliability and latency, we give our proposal 1 as follow:
Proposal 1: For the CA case, the PDCP duplicates on the different transport blocks of the same carrier should be allowed.

How to avoid including both the original PDCP PDU and the corresponding duplicate into one transport block?

The restriction on the transmission of duplicated data has been agreed in RAN2 that: “The original PDCP PDU and the corresponding duplicate shall not be transmitted on the same transport block”. Since two separate RLC/logical channels will be used to carry the original/duplicated PDCP PDUs accordingly and the two RLC/Logical channels are independent, it is not possible for one RLC/LCH to understand which PDU will be transmitted in the other, thus it will be very difficult to process the restriction in PDU level. 
Observation 3: For the restriction on “including both the original PDCP PDU and the corresponding duplicate into one transport block”, since it is not possible for one RLC/LCH to understand which PDU will be transmitted in the other RLC/LCH associated with the same PDCP, it will be very difficult to process the restriction in PDU level.
However, considering that it is up to the LCP procedure to determine which RLC/LCH should process transmission and how many data can be transmitted within each RLC/LCH; one potential alternative is to process the restriction in RLC/LCH level in LCP operation, which means for each grant, only one leg (i.e. one RLC/LCH of the two which are associated with the same PDCP for the purpose of data duplication) will be selected to process the transmission. 
Proposal 2: In order to avoid including both the original PDCP PDU and the corresponding duplicate into one transport block, for each grant received, only one leg (i.e. one RLC/LCH of the two which are associated with the same PDCP for the purpose of data duplication) will be selected in the LCP procedure to process the transmission.

What kind of “logical channel mapping restrictions” is required in MAC to achieve the restriction?

In order to avoid including both the original PDCP PDU and the corresponding duplicate into one transport block, it has been agreed that “logical channel mapping restrictions need to be introduced to handle duplicates in within one MAC entity”. For the restriction information, two alternatives can be considered:
· Alt1: The mapping restriction between the RLC/LCH and carrier. For this alternative, the mapping between RLC/LCH and carrier will be configured to UE. And once the grant for one carrier is received, only the RLCs/LCHs which are allowed to process the transmission over that carrier will be involved in the LCP procedure.
· Alt2: The simultaneously transmission restriction between two RLC/LCH which are associated with one PDCP. For this alternative, the relationship between the two RLC/LCH associated to one PDCP will be informed to UE, and with this information, only one RLC/LCH of the two will be selected for each LCP procedure. It is worth noting that, since the relationship between the two RLC/LCH associated to one PDCP can be derived based on the configuration of RLC/LCH, no extra restriction information is needed.
Based on the agreements made in RAN2, only two legs will be considered in the data duplication. However, in the CA, the number of carriers supported in the CA will be much larger than 2. So, if the one to one mapping is configured between LCH/RLC and carrier, then only two carriers can be used in the data duplication, which is not so efficiency. In addition, also consider the proposal 1 and the related analysis we shared in the section before, we think the mapping between carrier and LCH/RLC is not needed. 
Proposal 3: In order to avoid including both the original PDCP PDU and the corresponding duplicate into one transport block, the MAC only need to know which RLCs/LCHs are associated with the same PDCP and the mapping between LCH/RLC and carrier is not needed.

How to select the leg in the LCP procedure?

Based on the description above, when the priority of two separated logical channels are different, the LCP procedure is shown in figure 2-2. The two RLC entities are RLC1 and RLC2. The corresponding logical channels are LC1 and LC2. And the priority of LC1 is 1, the priority of LC2 is 2. When an UL grant is received on carrier1, the data in LC1 should be processed at first according to the LTE LCP. And the data in LC2 can’t be processed now. When the next UL grant is received on carrier1, the data in LC1 should be processed at first again. The more data in LC1, the more delay for the data in LC2, the bigger of the transmission gap. 
Let’s have a look on the equal priority of two separated logical channels. It’s also shown in figure 2-2. When an UL grant is received on carrier1, the data in LC1 should be processed at first by random. And the data in LC2 can’t be processed now. When the next UL grant is received on carrier1, the data in LC2 should be processed according to the served equally for equal priority. The transmission gap should be shorten. It’s proposed to set these two logical channels to be equal priority. So does the PBR and BSD. 
In LTE, logical channels configured with equal priority should be served equally. And the handling of equal priority case is left to UE implementation. The FFS of last meeting is ‘whether in CA case to support PDCP duplicates on the same carrier with some restriction to prevent them from being transmitted on the same transport block’. The restriction can be solved simply by LCP. An example is shown in figure 2-2. When an UL grant is received on carrier1, both data in LC1 and LC2 can be processed. In order to avoid the original and the duplicate be transmitted on the same transport block, one of LC1 and LC2 can be processed at this time. Once a LC such as LC1 is selected by random, LC2 should not be involved in the rest of the LCP procedure of this grant anymore. Next time when the second UL grant is received, LC2 should be selected in turn. So LC1 should not be involved now. 


Figure 2-2
Proposal 4: The RLCs/LCHs associated with the same PDCP should have the same priority, PBR and BSD.
Proposal 5: Whenever one RLC/LCH is selected according to the LCP rules, the other RLC/LCH associated with the same PDCP shall not be involved in the rest LCP procedure for the same grant.
Conclusion
As described above, we proposed:
Observation 1: The requirement on low latency should also be guaranteed in the PDCP duplication operation for the case of CA and both the transmission of original and the duplicated PDCP PDU should satisfy the requirement on low latency.
Observation 2: If PDCP duplicates on the different transport blocks of the same carrier in CA is not supported, some transmission gap between the original PDCP PDU and duplicated PDCP PDU will be introduced, which will lead to negative impact on the transmission latency.
Proposal 1: For the CA case, the PDCP duplicates on the different transport blocks of the same carrier should be allowed.
Observation 3: For the restriction on “including both the original PDCP PDU and the corresponding duplicate into one transport block”, since it is not possible for one RLC/LCH to understand which PDU will be transmitted in the other RLC/LCH associated with the same PDCP, it will be very difficult to process the restriction in PDU level.
Proposal 2: In order to avoid including both the original PDCP PDU and the corresponding duplicate into one transport block, for each grant received, only one leg (i.e. one RLC/LCH of the two which are associated with the same PDCP for the purpose of data duplication) will be selected in the LCP procedure to process the transmission.
Proposal 3: In order to avoid including both the original PDCP PDU and the corresponding duplicate into one transport block, the MAC only need to know which RLCs/LCHs are associated with the same PDCP and the mapping between LCH/RLC and carrier is not needed.
Proposal 4: The RLCs/LCHs associated with the same PDCP should have the same priority, PBR and BSD.
Proposal 5: Whenever one RLC/LCH is selected according to the LCP rules, the other RLC/LCH associated with the same PDCP shall not be involved in the rest LCP procedure for the same grant.
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