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Introduction

For NRIIOT, lots of industrial URLLC cases with stringent reliability requirements need be supported, thus the enhancement of PDCP duplication have to be studied for improving the reliability of URLLC transmission. And then from e-mail discussion [1],  the companies are not quite sure whether to support more than 2 copies for PDCP duplication. And all of the companies have the common understanding that more than 2 RLC entities can be configured to UE, the selection of RLC entity for multiple copies transmission can be captured in the SI in Rel-16. The intention of this contribution is to share our views on PDCP duplication enhancements
Discussions
For the enhancement of PDCP duplication, considering the different between DL duplication and UL duplication, we prefer to separate the discussion for DL and UL duplication.

For the DL duplication

Since there is no mapping between LCH and carrier for DL transmission, the PDU from one LCH can be transmitted on any available DL carrier based on the NW’s implementation (i.e. the copy generation and path selection is up to NW’s implementation). In addition, based on the current MAC and RLC specs, since more than 2 copies have already been supported by the Rel-15 UE, we think there is no need to have further limitation on the maximum number of copies in DL duplication transmission.

Proposal 1: For DL duplication transmission, the copy PDU generation and path selection for DL transmission is up to NW’s implementation, and there is no need to limit the the maximum number of copies which can be generated.

For the DL duplication efficiency, considering the NW can trace the channel quality based on the CQI reported from UE and also the sounding reference signal, the NW can determine whether to activate/deactivate the duplication by implementation, thus no further enhancement is needed from RAN2 aspect for the DL duplication efficiency. 

However, even the channel quality is well known by the DU, considering the duplication activation/deactivation is mainly determined by the CU (i.e. PDCP), some coordination may be needed over F1 interface. In addition, for the DC based duplication, some coordination may be needed between MN and SN to improve the efficiency of DL duplication activation/deactivation. Considering this kind of inter-node coordination will mainly impact RAN3 and some similar discussion have been made in Rel-15, we think the inter-node coordination for the improvement of DL duplication efficiency should be discussed in RAN3.

Proposal 2: From RAN2’s point of view, no further discussion is needed for the enhancement of DL duplication efficiency. And the inter-node coordination (e.g. over F1 and X2/Xn interface) for the duplication efficiency enhancement shall be discussed in RAN3.
For the UL duplication

Maximum number of copies supported in UL duplication

According to email discussion [1], majority companies agree that two copies can achieve the requirement on reliability defined in 22.804 (i.e. 10-8). However, we think the reliability assumption made in RAN1 for one leg transmission (i.e. 10-6) is mainly for the normal case. For some special scenario, more duplicated copies are still beneficial to ensure the reliability. For example, 

Case 1: Radio condition is unstable, e.g. the high speed scenario (e.g. high-speed railway)

Case 2: For NR-U scenario, in which case the transmission may be canceled due to LBT

Observation 1: Support of more then two duplicated copies are beneficial to the NR-U case and the case where the radio condition is not stable enough.

For the support of more than two duplicated copies in uplink transmission, one concern is the split of transmission power. Having more copies means the UL transmission power may be splitted thus each copy will be transmitted with a lower power, which will lead to negative impact on the UL transmission. However, since the IIOT is mainly for the industry usage, in which case the terminal may be more powerful than the normal UE, and the power limitation for UL transmission may be not an issue.

Observation 2: Considering the terminal used for IIOT may be more powerful than the normal UE, the IIOT UE may be able to process the UL transmission with more than 2 copies without any power backoff issue.

Based on the observation 1 and 2, we think the support of more than 2 copies is beneficial to the IIOT, at least for the IIOT specific UE with more powerful capability in uplink transmission power.

Proposal 3: More than 2 copies can be supported in the UL duplication transmission.
Selection of UL duplication path

Even the support of more than 2 copies are beneficial to the UE with more powerful capability in UL transmission power, for the normal UE, the support of more than 2 copies will lead to a power split and may cause power back off, which will reduce the reliability. Therefore, for the normal UE, we agree with the majority that the maximum number of duplication copies can be limited to 2. 

Meanwhile, in order to provide more reliability, all companies have the common understanding that one PDCP entity can be linked to more than 2 transmission path, and some enhancement can be considered in the selection of transmission path for each copy. For the selection of transmission path, we think the following cases shall be considered:

Case 1: Selection of cell group for the duplication operation

Case 2: Selection of the serving cells for the duplication operation within one cell group

For the case 1, since different cell group will have different logical channel, thus the selection of cell group for duplication operation can be achieved by the selection of logical channel, which is the same as Rel-15 operation. 

However, for the case 2, the selection of serving cells for duplication operation within one cell group may lead to new requirement on the UE’s behaviour. The new requirement is illustrated in the figure as follow:
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Fig.1: The illustration of selection of servingcells within one cell group

In the example shown in the figure above, there are three serving cells configured within the cell group, the maximum copies supported is 2, and two logical channels are configured for the PDCP. At first, the logical channel 1 is mapped to serving cell 1, and logical channel 2 is mapped to serving cell 2&3. Later , when the radio condition of serving cell 1 turns bad, and is not suitable for the duplication operation, the NW may change the mapping restriction of logical channel 1 to serving cell 2 and the mapping of logical channel 2 to serving 3.

Based on the analysis above, in order to support the change of duplication path within one cell group, we think the dynamic change of carrier mapping restriction shall be supported. Similar as the activation&deactivation, we think new MAC CE can be considered to support the dynamic change of carrier restriction. 

Proposal 4: To support the selection of serving cells for duplication within one cell group, the dynamic change of carrier mapping restriction for one logical channel shall be supported. And New MAC CE can be considered to support the dynamic change of carrier restriction.
Efficient duplication activation&deactivation for UL duplication transmission


In Rel-15, the duplication activation/deactivation is controlled by NW through either RRC signaling or MAC CE. However, due to the lack of information on UE side, it is difficult for the NW to predict the transmission problem on UE side, and the duplication can only be activated once the transmission problem is detected, or be activated earlier in a conservative way, which is not resource efficiency. 

Observation 3: Due to the lack of information on UE side, it will be difficult for the NW to predict the transmission problem on UE side, thus the duplication can not be activated/deactivated efficiently by NW side.
To improve this, considering the UE have better knowledge on the radio condition, one possible enhancement is to allow the UE to activate/deactivate UL transmission duplication based on some pre-configured conditions. 

However, after additional copy is activated by UE itself, the BSR is needed for new activated copy transmission ,which may also lead to the activated copy transmission delay. 

Thus through above analysis we have the Cons and PROs  for UE based solution:

PRO: Have more prompt reaction to the channel state

CON: After activation of additional copy transmission, the request of UL grant may cause the unexpected delay for  new copy transmission .

To the defect of UE based solution, according to the SI of URLLC, more activated configured grants in a certain BWP will be supported for enhancing the URLLC transmission , which can be utilized by the new activated copy for saving the delay of  requesting UL grant from gNB. Therefore, The BSR delay caused by UE based activation can be remitted through configured grant.

Proposal 5:  The UE based activation/deactivation of PDCP duplication can be supported in the UL duplication transmission.
Conclusion 

Based on all the analysis above, we give our proposals as:

For the DL duplication
Proposal 1: For DL duplication transmission, the copy PDU generation and path selection for DL transmission is up to NW’s implementation, and there is no need to limit the the maximum number of copies which can be generated.

Proposal 2: From RAN2’s point of view, no further discussion is needed for the enhancement of DL duplication efficiency. And the inter-node coordination (e.g. over F1 and X2/Xn interface) for the duplication efficiency enhancement shall be discussed in RAN3.

For the UL duplication
Observation 1: Support of more then two duplicated copies are beneficial to the NR-U case and the case where the radio condition is not stable enough.

Observation 2: Considering the terminal used for IIOT may be more powerful than the normal UE, the IIOT UE may be able to process the UL transmission with more than 2 copies without any power backoff issue.

Proposal 3: More than 2 copies can be supported in the UL duplication transmission.
Proposal 4: To support the selection of serving cells for duplication within one cell group, the dynamic change of carrier mapping restriction for one logical channel shall be supported. And New MAC CE can be considered to support the dynamic change of carrier restriction.

Observation 3: Due to the lack of information on UE side, it will be difficult for the NW to predict the transmission problem on UE side, thus the duplication can not be activated/deactivated efficiently by NW side.
Proposal 5:  The UE based activation/deactivation of PDCP duplication can be supported in the UL duplication transmission.
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