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1. Introduction
RAN2 has made a great effort to specify the packet duplication based on DC and CA. In parallel with this, new concepts such as supplementary UL (SUL) and bandwidth part (BWP) have been introduced to NR. Since the packet duplication within a single cell has not been considered to be an issue for this release, we have not discussed the impact of SUL and BWP on the packet duplication seriously. In this context, we focus on the following issues in this contribution.

· Issue 1) Logical channel restriction based on UL and SUL
· Issue 2) Packet duplication using UL and SUL within a single cell

· Issue 3) Packet duplication using multiple active BWPs within a single cell

It should be noted that some of these issues are not valid on the basis of the current RAN1/2 agreements, for example, the operation of multiple active BWPs, which has not been supported yet. However, we believe that considering these issues in advance is valuable to find a desirable way forward.
2. Discussion
· Issue 1) Logical channel restriction based on UL and SUL
First of all, we need to remind that the current LCH selection procedure cannot distinguish SUL from UL. As a result, data from a certain LCH can be transmitted via either UL or SUL if other conditions such as SCS and PUSCH duration are satisfied. This situation is illustrated in Fig. 1(a).

The same situation can happen in case of packet duplication, as shown in Fig. 1(b). In this example, the LCH for an original packet is mapped to Cell 1, which is configured with only one UL on above 6 GHz. On the other hand, the LCH for a duplicated packet is mapped to Cell 2, which is configured with one UL on above 6 GHz and one SUL on below 6 GHz. Then, a gNB cannot select which carrier (i.e. UL or SUL in Cell 2) will be used to transmit the duplicated packet in an intended manner.
Observation 1: In the current LCH selection procedure, the mapping between a LCH and the type of carrier (i.e. UL or SUL) is not considered.
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Figure 1 UL/SUL ambiguity with and without packet duplication
It is generally accepted that the main use case of SUL is to solve the coverage issue of UL on above 6 GHz so that SUL is likely to be allocated in the spectrum below 6 GHz. It is true that SUL on below 6 GHz is more reliable than UL on above 6 GHz. In this context, some companies say that the LCH restriction based on UL and SUL is needed to ensure a certain level of reliability, for example, LCH x is only allowed to use SUL.
However, if we want to solve the reliability issue caused by the ambiguity of which carrier (i.e. UL or SUL in Figs. 1(a) and 1(b)) will be used, we think that the following approach is more efficient than introducing a new parameter for the LCH restriction.

· Step 1: A gNB configures a cell that only consists of UL on below 6 GHz

· Step 2: By using the cell restriction for LCP, an LCH that requires reliability is only mapped to such a cell in Step 1.
In this context, we have the following proposals, which are already aligned with the current specification.
Proposal 1a: The LCH restriction based on UL and SUL is not supported.

Proposal 1b: The currently defined cell restriction can be used even in non-duplication cases.
· Issue 2) Packet duplication using UL and SUL within a single cell
As shown in Fig. 2, we can consider using UL and SUL within a single cell for packet duplication. Since they generally have different channel characteristics, this combination of carriers can be viewed as a good option. However, the expected gain is very similar to that of the packet duplication using two cells on different frequencies.
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Figure 2 Packet duplication using UL and SUL within a single cell
In addition, if we assume that the bandwidth of UL on above 6 GHz is much wider than that of SUL on below 6 GHz, we can consider the following aspects.

· If the original packet is for eMBB (i.e. large volume), the transmission of the duplicated packet on SUL is not very helpful.

· It should be also noted that packet duplication is not mainly for eMBB.

· If the original packet is for URLLC, using UL on above 6 GHz is not a typical scenario.

· It should be noted that URLLC will be mainly served by UL on below 6 GHz.
Furthermore, the current specification does not allow for a UE to activate both UL and SUL simultaneously so that this operation cannot be supported without enhancement. In this context, we have the following proposal.
Observation 2: According to the current specification, at most one PUSCH transmission on either UL or SUL is allowed at a time.

Proposal 2: The packet duplication using UL and SUL within a single cell is not supported.
· Issue 3) Packet duplication using multiple active BWPs within a single cell
As shown in Fig. 3, we can consider using multiple active BWPs within a single cell for packet duplication. It should be noted that the current specification only supports one active BWP at a time. However, RAN1 previously made the following agreements so that considering this issue can be meaningful [1].
	R1-1711788
Way forward on further details of bandwidth part operation 
Intel, AT&T, Huawei, HiSilicon
Agreement:
· Primary focus is to complete the single active bandwidth part case

· If time is available later after completing the single active bandwidth part case, following cases should be considered for UE
· For a single carrier WB UE, multiple active bandwidth parts with different numerologies are configured for a UE simultaneously

· One TB is mapped per each active BWP. 

· FFS: The multiple active BWPs may overlap in frequency domain.

· FFS: Cross-BWP scheduling is supported.
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Figure 3 Packet duplication using multiple active BWPs within a single cell
If the packet duplication using multiple active BWPs is supported, a UE that is not configured with DC or CA can use this function using one wide carrier. Furthermore, if we restrict the LCH mapping based on the BWP index, where this index is already specified, it can be avoided that the original packet and the duplicated packet are contained in the same transport block. In this context, we have the following proposal.
Observation 3: According to the current specification, only a single BWP can be active at a time.

Proposal 3: The packet duplication using multiple active BWPs within a single cell can be studied later (i.e. after RAN1 will specify the basic operation for multiple active BWPs).
3. Conclusions
In this contribution, we have discussed the various forms of packet duplication considering SUL and BWP. As a result, we have the following observations and proposals.

Observation 1: In the current LCH selection procedure, the mapping between a LCH and the type of carrier (i.e. UL or SUL) is not considered.

Observation 2: According to the current specification, at most one PUSCH transmission on either UL or SUL is allowed at a time.

Observation 3: According to the current specification, only a single BWP can be active at a time.

Proposal 1a: The LCH restriction based on UL and SUL is not supported.

Proposal 1b: The currently defined cell restriction can be used even in non-duplication cases.

Proposal 2: The packet duplication using UL and SUL within a single cell is not supported.
Proposal 3: The packet duplication using multiple active BWPs within a single cell can be studied later (i.e. after RAN1 will specify the basic operation for multiple active BWPs).
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