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1 Introduction
In RAN2#107 meeting, the following agreements are reached on network controlled PDCP duplication [1].  
	· The number of copies generated is equal to the number of active RLC entities, i.e. one copy per leg/RLC entity, and active/inactive state is determined by MAC CE.

· The network provides in RRC only one LCH cell restriction configuration per LCH, like in Rel-15. Changes to LCH cell restriction configuration is only possible via RRC.

· At PDCP duplication, application of the configured cell restrictions are not dynamically changed upon activation or deactivation of PDCP duplication beyond Rel-15. (FFS the case of CA duplication)

· The MAC CE signaling structure is either:


a.
Per DRB signaling with the activation status of the associated RLC entities, or


b.
All DRBs with the activation status of the associated RLC entities for each DRB
· A new LCID is used for the Rel-16 MAC CE controlling PDCP duplication.


In this contribution, we would like to discuss which signalling structure should be used for the PDCP duplication activation/deactivation MAC CE. 
2 Discussion 
Based on the email discussion [2] and the agreements in RAN2#107 meeting, currently there are two options for the MAC CE signalling structure as following:  

a.
Per DRB signaling with the activation status of the associated RLC entities, or


b.
All DRBs with the activation status of the associated RLC entities for each DRB. 
In Option a, the activation status of a single DRB’s associated RLC entities is signaled in the MAC CE. The DRB is explicitly indicated and the activation status of each RLC entity of this DRB are notified to the UE. An example structure proposed in the email discussion is shown in Figure 1 including the MAC sub-header with LCID. 
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Figure 1

In Option b, all DRBs with the activation status of the associated RLC entities of each DRB are indicated in the MAC CE. The “all DRBs” here should be “all DRBs configured with PDCP duplication”, since it makes no sense to include the DRBs not configured with PDCP duplication. On the MAC CE structure, there could be the following sub-options:

· Option b.1: The MAC CE indicates the activation status of RLC entities of the DRBs currently configured with PDCP duplication. 
In this option, if currently there are e.g. 2 DRBs configured with PDCP duplication, only activation status of the RLC entities of these 2 DRBs will be indicated, as shown in Figure 2, where Rij indicates the activation status of RLC entity j of DRB i, and each DRB has 4 associated RLC entities occupying 4 bits . 
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Figure 2
· Option b.2: The MAC CE indicates the activation status of RLC entities of the maximum number of the DRBs that can be configured with PDCP duplication. 
In this option, if currently there are e.g. 2 DRBs configured with PDCP duplication, the UE will ignore the bits corresponding to the other DRBs in the MAC CE. An example structure is shown in Figure 3, with the assumption that the maximum number of the DRBs that can be configured with PDCP duplication is 8, as in Release 15. In the MAC CE, Rij indicates the activation status of RLC entity j of DRB i, and each DRB has 4 associated RLC entities occupying 4 bits. 
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Figure 3
In the following, we would like to compare these options from signalling overhead and standard impact perspectives. 
Signalling overhead
With respect to the signalling overhead, firstly we can have a look at the size of the MAC CE in each option. 

· In Option a, the MAC CE has a fixed size of 2 bytes including the MAC sub-header. If the network wants to change the activation status of more than one DRBs, more than one MAC CEs with each corresponding to a single DRB will be sent to the UE. 
· In Option b.1, the MAC CE has a flexible size which depends on the number of DRBs configured with PDCP duplication. Each DRB may require 4 bits to indicate the activation status of its associated RLC entities. If the network wants to change the activation status of one or more DRBs’ associated RLC entities at a time, one MAC CE will be sent to the UE. 
· In Option b.2, the MAC CE has a fixed size of 5 bytes including the MAC sub-header with the assumption that the maximum number of the DRBs that can be configured with PDCP duplication is 8. If the network wants to change the activation status of one or more DRBs’ associated RLC entities at a time, a 5-byte MAC CE will be sent to the UE.

As the signalling overhead in Option b.2 is relatively high in most cases, we mainly compare Option a and Option b.1 in the following table, taking into account the number of the DRBs currently configured with PDCP duplication and the number of the DRBs with activation status changed at the same time. 
Table-1 Comparison of signalling overheads among Option a, Option b.1 and Option b.2
	No. of DRB(s) currently configured with PDCP duplication
	No. of DRB(s) with activation status changed at the same time
	Signalling overhead of Option a
	Signalling overhead of Option b.1
	Summary 

	1
	1
	1 MAC CE with 2 bytes
	1 MAC CE with 2 bytes
	Same overhead

	2
	1
	1 MAC CE with 2 bytes
	1 MAC CE with 2 bytes
	Same overhead



	
	2
	2 MAC CEs with 4 bytes in total
	
	Option b.1 has lower overhead

	n = 3, 4, 5, 6, 7, 8
	m<=n
	m MAC CEs with 2*m bytes in total
	1 MAC CE with [(n+1)/2 + 1] bytes, when n is odd; 
Or

1 MAC CE with [n/2 + 1] bytes, when n is even. 
	Which option has lower overhead depends on m and n. 


From the table above, it can be seen that Option a and Option b.1 has similar overhead when one or two DRBs are configured with PDCP duplication and Option b.1 has lower overhead when more than one DRBs change their activation status at the same time. With the increase of the number of DRBs configured with PDCP duplication, which option has lower overhead depends on the number of the DRBs currently configured with PDCP duplication and the number of the DRBs with activation status changed at the same time. 
It is well known that the Rel-16 PDCP duplication enhancements with up to 4 RLC entities aims to provide extreme high reliability for some special services. So in typical cases, a UE would only have one or two DRBs configured with PDCP duplication with up to 4 RLC entities, and the signalling overhead of Option b.1 is equal to or lower than Option a. 

Moreover, in case that the RLC entities of more than one DRBs are using a common cell(s) for duplication operation, if the quality of the common cell(s) gets better or worse, the network may need to change the activation status of these DRBs’ RLC entities mapped to the cell(s) at the same time. This case may happen frequently, so Option b.1 seems better in saving signalling overhead. 
Observation 1: Option b.1 is better in saving the signalling overhead in case of one or two DRBs configured with PDCP duplication. 

Standard impact
From standard impact perspective, Option a uses a 3-bit field in the MAC CE to indicate a DRB explicitly. As the value range of DRB-Identity in TS 38.331 is 1 to 32 which requires 5 bits to indicate at least, the 3-bit field in the MAC CE should be an index of the DRBs. So Option a may require RRC messages to configure such a new DRB index to UE, or require definition of the DRB index in MAC specification, e.g. ascending order of the DRB IDs among the DRBs configured with PDCP duplication. 
In Option b.1 and Option b.2, the bits for all the DRBs configured with PDCP duplication can be placed in an ascending order of the DRB IDs among the DRBs configured with PDCP duplication, same as in Release 15 duplication activation/deactivation MAC CE. So the specification impact of Option b may be less than Option a. 
Observation 2: The specification impact of Option b.1 and Option b.2 may be less than Option a. 

Based on the above observations, Option b.1 is slightly better in terms of signalling overhead and standard impact. So we propose that Option b.1 should be used for PDCP duplication activation/deactivation MAC CE. 
Proposal: Option b.1 is adopted, i.e. the MAC CE for PDCP duplication activation/deactivation include the DRBs currently configured with PDCP duplication, with the activation status of the associated RLC entities for each DRB. 
3 Conclusion

In this contribution, we have discussed Option a and Option b for PDCP duplication activation/deactivation MAC CE structure and we have the following observations and proposals. 
Observation 1: Option b.1 is better in saving the signalling overhead in case of one or two DRBs configured with PDCP duplication. 

Observation 2: The specification impact of Option b.1 and Option b.2 may be less than Option a. 

Proposal: Option b.1 is adopted, i.e. the MAC CE for PDCP duplication activation/deactivation include the DRBs currently configured with PDCP duplication, with the activation status of the associated RLC entities for each DRB. 
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