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1 Introduction
In RAN1#106e, RAN1 suggested there are two alternatives (Alt1 and Alt2) for triggering the TRS [1]:

	Agreement
· For triggering temporary RS, down-select based on the following alternatives, or let RAN2 be aware the status of this discussion
· Alt 1: Bitmap approach in MAC-CE

· Every Z-bit block in the bitmap corresponds to a SCell, Z>=0

· A Z-bit block indicates the temporary RS [configuration index], and a value zero indicated by the bit block means no RS resource transmitted.

· The to-be-activated SCell is indicated via the C values in the legacy SCell activation/de-activation MAC CE or in the new MAC-CE

· Alt 2: Reuse A-TRS triggering framework

· A trigger state is indicated by the MAC-CE explicitly

· The association between a trigger state and temporary RS for one or multiple SCells is configured by RRC according Rel-16 A-TRS triggering framework

· FFS: The value zero of the MAC-CE indication means no temporary RS is triggered by the MAC-CE for all to-be-activated SCells

· Note: The down-selection targets at a RAN1 consensus on MAC-CE functionality and the list of RRC parameters for this feature. Any MAC-CE signaling design above are reference concept, its final MAC-CE signaling design is up to RAN2.


In RAN2#106e, companies agreed to further discuss the MAC CE structure and RRC configuration for enabling TRS at the SCell activation based on RAN1 input [2]:

· Discuss MAC CE structure in offline [220] (OPPO) based on concrete TPs. Should try to converge to a RAN2 proposal. Can discuss if we need to send LS to RAN4 on RAN2 decisions on TRS-based SCell activation.

· Wait for RAN1 input on RRC parameters and capabilities

· Companies should bring concrete proposals (i.e. TPs) to next meeting on MAC and RRC for TRS-based SCell activation.
RAN1 responds RAN2 an LS and answered RAN2 questions [3]:

For Alt1 (include per SCell TRS configuration index in MAC CE):

… maximum number of TRS configurations supported per SCell (among which one TRS configuration can be indicated by a bit block in a MAC-CE) is 15 (i.e. row #2) assuming that a value zero indicated by a bit block in the MAC-CE means no RS resource transmitted. There is no difference for FR1 and FR2.
For Alt2 (include per cell group TRS trigger state id in MAC CE):
… maximum number of TRS trigger states supported per cell group that can be indicated by a MAC-CE is 128 (i.e. row #3) where each trigger state is associated with one or multiple CSI-AssociatedReportConfigInfo to indicate TRS for up to 15 to-be-activated SCells. There is no difference for FR1 and FR2.
The MAC CE structure is really driven by the Alt1/Alt2 decision. Now RAN1 provides more information about the Alt1 and Alt2. RAN2 needs to decide which alternative should be adopted based on RAN1 information to move forward. In email discussion [AT116-e][220][R17 DCCA] TRS-based SCell activation details (OPPO) [4], more companies prefer the Alt1 (voted 11 for Alt1 vs 6 for Alt2). 
In this Tdoc, we further compare the Alt1 and Alt2 based on the new information provided by RAN1. 
2 Discussion
2.1 Discussion on the alternatives for TRS triggering
As agreed in RAN2 #106, an SCell activation MAC CE is also used to select the TRS for triggering at the activation. Two new MAC CEs are defined for this purpose. Corresponding new eLCIDs are assigned to the new MAC CEs. In the new MAC CEs, the definition of Ci and R bit map for SCell activation is the same as the existing SCell activation/deactivation MAC CE. Additional octets are used for TRS configuration or trigger state selection.
2.1.1 Activation alternative 1 
In the Alt 1 TRS triggering scheme, for each to-be-activated SCell indicated in the activation bit map, there is a corresponding z-bit block of TRS configuration ID for TRS selection and triggering if configured. RAN1 LS suggests at maximum 15 TRS configurations will be supported per SCell. Then 4-bit blocks are need for addressing the TRS ID per SCell. The detailed specification TP can be found in [5][6]. 

Figure 1 demonstrates an example of an Alt1 MAC CE with four SCells to-be-activated at the same time, 4-bit blocks are used for TRS selection. The definition of TRS ID_Ci: if Ci is set to ‘1’ to activate the SCell with index i, TRS IDS_Ci is the index pointing to the TRS selected to be activated with the activation of SCell i. The new MAC CE is designed only including the TRS ID corresponding to the to-be-activated SCell(s): 
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Figure 1: Example of Alt1 SCell activation MAC CE with 4-bit TRS selection block.
As shown in Figure 1, four SCells with index 6, 12, 18, 30 are to-be-activated at same time by C6, C12, C18, C30, the corresponding TRS IDs are carried in the MAC CE in the next two Octets following the same order of C6, C12, C18, C30.  The size of the MAC CE will be variable depending on how many SCells are activated at the same time. The SCell activation bits are also used to associate the SCells to be activated with the corresponding TRS-IDs. There is no additional bits are required.
Observation 1: The size of the SCell/TRS activation MAC CE can be variable and minimized by only including the TRS ID blocks of the to-be-activated SCells. 

Observation 2: The SCell activation bits can indicate the association between the SCells to-be-activated and their TRS ID. No additional bits are needed to support only including the TRS IDs of the to-be-activated SCells in the MAC CE.
Although in Alt1 the size of the MAC CE could be increased with the increase of the number of SCells activated at the same time, the most activations have small number of the SCells activated together. The most frequent activation of 1~2 SCells only need one octet for TRS IDs, the second frequent activation of 3~4 SCells only need two octets for TRS IDs… and so on. In the worst case with maximum SCell number of 15 in a CG, the maximum number of activated TRS IDs will be 15 and 8 octets are needed. If the chance of activating different number of SCells are the same, average number of SCell to-be-activated would be 8 and 4 octets are needed. However, in real scenarios, the chance of activation of small number of SCells together is much higher, in average very possible only about 2 ~ 3 additional octets would be needed for TRS IDs. In general, the big MAC CEs are much less frequently used, therefore overall average MAC CE signalling overhead does not increase much by the TRS IDs in Alt1.
Observation 3: Most SCell activations occurs with small number of SCells activated together, therefore the average number of octets needed for TRS IDs in Alt1 is small. The MAC CE overhead due to TRS ID would not be an issue for Alt1.
Alt1 is also a straightforward design providing high flexibility for configuration and low complexity for the TRS selection operation. In Alt1, the TRS configurations are defined under each SCell in a CG. At the cell level, only the individual cell difference leads to different TRS configurations. There is no other combinations of the cells introducing corresponding TRS configurations. Alt1 TRS configurations for all the SCells in a CG can be configured to the UE at once. For a CG with maximum number of SCells of 15, the total number of possible TRS configurations should be 15x15. There is no need to conduct RRC reconfiguration for TRS configuration to the UE again unless there is CG level change. After the TRS configurations for the CG is completed, the network can easily conduct a top-down approach: determine the SCells to be activated first, then under each selected SCell determine the best TRS from the 15 pre-configured TRSs. When multiple SCells to-be-activated are determined, a specific SCell combination is determined naturally without additional effort. In Alt1, TRS ID value zero covered the case of an activated SCell without TRS.
Observation 4: Alt1 is a simple and straightforward design providing high flexibility for configuration and low complexity for the TRS selection operation.
The common understanding on Alt1 is that a specific TRS configuration will contain all the configurations including the gap. The MAC CE only needs to select the TRS configuration ID. The RAN1 agreement regarding gap configuration [3] does not suggest that the gap should be pointed/selected by MAC CE. In our view, separating the gap configuration out for MAC CE to select is unnecessary. The RAN1 LS clearly stated that the maximum number of TRS configurations per SCell is 15 and there is no difference for FR1 and FR2.
Observation 5: Per RAN1 instruction, 15 TRS configurations per SCell is sufficient for both FR1 and FR2. The configuration for a TRS can include all the parameters including those for the gap configuration.
2.1.2 Activation alternative 2 

Per RAN1 LS [3] and the proponent of Alt2 [7], up to 128 TRS trigger states per CG are supported in the activation MAC CE.  In the MAC CE, only one additional octet is needed for the trigger state ID. Figure 3 uses the long CE as an example to demonstrate the structure of the MAC CE based on the TRS trigger state.

[image: image2.emf]R C

1

C

2

C

3

C

4

C

5

C

6

C

7

C

8

C

9

C

10

C

11

C

12

C

13

C

14

C

15

C

16

C

17

C

18

C

19

C

20

C

21

C

22

C

23

C

24

C

25

C

26

C

27

C

28

C

29

C

30

C

31

Scell activation trigger state ID

R


Figure 2: Example Alt2 SCell activation MAC CE with 7-bit SCell activation trigger state ID.
The motivation of Alt2 is to reuse the existing CSI trigger state framework and to minimize MAC CE length. In previous section, we did analysis on the variable MAC CE length with Alt1 and estimated the average number of additional octets for TRS IDs is around 2 ~ 3. With Alt2 only need one additional octet for trigger state ID, the Alt2 seems saved one to two octets over Alt1 in the MAC CE.
However, in Alt2 a trigger state is corresponding to not only one SCell but also the combinations of the SCells in a CG. The number of possible configurations based on trigger states are exploded driven by the drastically increased number of combinations of the SCells with the increase of SCell number in a CG. If there are n SCells in a CG, the total number of the SCell combinations can be calculated by the following formula:
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For a CG with 15 SCells, there are 2^15 -1 = 32767 SCell combinations. In addition, each SCell combination will still have many states just like in Alt1 where each SCell (one SCell is one of the combinations in the combination set) still have 15 TRS configurations. RAN1 LS [3] didn’t indicate how many trigger states should be for each SCell combination. We don’t see a reason why we cannot assume each SCell combination would also have 15 trigger states in Alt2. In the global set of trigger states of a CG, 128 trigger states is a very small subset in the global trigger state set of (2^15 -1) * 15 = 491505 trigger states where 15 is the number trigger states per SCell combination. In addition, in Alt1 a zero TRS ID represents no TRS in correspond activated SCell. It is not clear how Alt2 handles the no TRS case. One possible solution is adding bit map corresponding to the SCell activation bit map. This solution will lead to increasing up to 4 octets in MAC CE for Alt2 then the MAC CE size is bigger than Alt1. Another solution is to let the TRS trigger states to also cover the no TRS cases. But this solution will further significantly increase the total number of the trigger states to another level which can be calculated by the following formula:
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With huge number of trigger states for a big CG it is impossible to use 128 addresses to cover the likely trigger states of the CG over long time. When there is small radio link condition change (due to mobility or other reasons), the current best 128 states can be out of date and a reconfiguration to the UE will be required. Even for a small CG with three SCells (n = 3), using above formula, we can find the total possible trigger state number is 390 which is 3 times more than 128. Therefore, the Alt2 will require much more frequent RRC reconfigurations to update the 128 likely used trigger states comparing with Alt1. Much more signalling overhead will be introduced by Alt2 than Alt1. 

Observation 6: Alt2 faces huge number of trigger states while each RRC configuration only configures 128 best trigger states to the UE. This requires much more frequent RRC reconfigurations and the signalling overhead is largely increased.
Observation 7: For handling the no TRS with activated SCell cases, Alt2 needs to either increase the MAC CE size or significantly increase total number of trigger states in a CG.
RRC level configuration will have large latency. Alt2 rely on more frequent RRC reconfiguration to update the 128 most likely to be used trigger states. The latency of RRC reconfigurations could compromise the performance of the TRS triggering operation. Alt1 does not have such a problem of Alt2. 
Observation 8: Alt2 rely on frequent and quick RRC reconfiguration to update UE the 128 best trigger states. The latency of RRC could compromise the TRS triggering performance.
The CSI trigger state configuration and operations are largely different from the TRS SCell activation operations. Tangling TRS trigger mechanism with CSI trigger state will increase the complexity. The TRS trigger mechanism should be configured and operated separately from the CSI trigger state mechanism. Then no much CSI trigger state mechanism can be used for TRS trigger state approach. 
Observation 9: Alt2 need to develop TRS triggering mechanism independently from the CSI trigger states mechanism. The separate configuration and procedure from CSI triggering does not reduce the complexity on TRS triggering specification and operation.
Alt2 need to consider all the combinations in the SCell combination set. The procedure to select 128 best trigger state from huge number of the trigger states in a CG is much more complicated than Alt1

Observation 10: Alt2 has much more complicated trigger configuration (state) selection and reconfiguration operations than Alt1.
Based above analysis and comparison, we observed clear advantage of Alt1 over Alt2 in complexity, signalling overhead, implement flexibility and performance. We would suggest RAN2 to adopt Alt1.
Proposal 1: Adopt TRS trigger scheme alternative 1 with activation bit map and TRS configuration IDs in the SCell activation MAC CE.
3 Conclusions
Based on the above discussion, we have the following observations and proposals:
Observation 1: The size of the SCell/TRS activation MAC CE can be variable and minimized by only including the TRS ID blocks of the to-be-activated SCells. 

Observation 2: The SCell activation bits can indicate the association between the SCells to-be-activated and their TRS ID. No additional bits are needed to support only including the TRS IDs of the to-be-activated SCells in the MAC CE.
Observation 3: Most SCell activations occurs with small number of SCells activated together, therefore the average number of octets needed for TRS IDs in Alt1 is small. The MAC CE overhead due to TRS ID would not be an issue for Alt1.
Observation 4: Alt1 is a simple and straightforward design providing high flexibility for configuration and low complexity for the TRS selection operation.
Observation 5: Per RAN1 instruction, 15 TRS configurations per SCell is sufficient for both FR1 and FR2. The configuration for a TRS can include all the parameters including those for the gap configuration.
Observation 6: Alt2 faces huge number of trigger states while each RRC configuration only configures 128 best trigger states to the UE. This requires much more frequent RRC reconfigurations and the signalling overhead is largely increased.

Observation 7: For handling the no TRS with activated SCell cases, Alt2 needs to either increase the MAC CE size or significantly increase total number of trigger states in a CG.

Observation 8: Alt2 rely on frequent and quick RRC reconfiguration to update UE the 128 best trigger states. The latency of RRC could compromise the TRS triggering performance.
Observation 9: Alt2 need to develop TRS triggering mechanism independently from the CSI trigger states mechanism. The separate configuration and procedure from CSI triggering does not reduce the complexity on TRS triggering specification and operation.

Observation 10: Alt2 has much more complicated trigger configuration (state) selection and reconfiguration operations than Alt1.

Proposal 1: Adopt TRS trigger scheme alternative 1 with activation bit map and TRS configuration IDs in the SCell activation MAC CE.
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