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1 Introduction
In RAN1#106e, RAN1 agreed that MAC CE is used for triggering the TRS at the SCell activation and RRC message is used for pre-configuration of the TRS [1]:

	Agreement  (containing the common part of Alt1 and Alt2 in the next agreement)
To trigger temporary RS, 

· MAC-CE at least provides the following information:

· temporary RSs are to be triggered on X out of Y (Y≥X) to-be-activated SCells, respectively, while no temporary RS is to be triggered on the other to-be-activated SCells.
· The following information can be provided by RRC for temporary RS for each SCell
· The number of RS bursts and the gap length between the RS bursts (Opt 2.3.3)

· Triggering offset of temporary RS (Opt 2.3.4)

· QCL information (Opt 2.3.5)

FFS: the maximum number of temporary RS per cell/per UE
Note: Reusing A-TRS triggering framework is not precluded.
· Information for 0, 1, or more temporary RS can be provided for each configured SCell

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 email discussion [Post115-e][218][R17 DCCA] TRS-based SCell activation [2], many major issues and principles have discussed based on the agreements from RAN1.
In this Tdoc, we further discuss the details of the alternative resolutions based on the MAC CE to activate the SCells and at the same time triggering the TRS for the activated SCells. 
2 Discussion
2.1 Discussion on the alternatives for TRS triggering
In RAN1 agreements [1], for TRS triggering methods, there are Alt1 and Alt2 on the table for further down selection. In RAN2 email discussion, regarding to selection of Alt1 and Alt2, companies have diverged views. No consensus is reached.

The Alt1 in the above RAN1 agreement is to extend the existing MAC CE based SCell activation mechanism with TRS also being activated at the activation of SCells. The existing SCell activation MA CE is simple:
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Figure 1: SCell Activation/Deactivation MAC CEs of one octets and four octets.

The symbol definitions in Figure 1:

- 
Ci: If there is an SCell configured for the MAC entity with SCellIndex i as specified in TS 38.331, this field indicates the activation/deactivation status of the SCell with SCellIndex i, else the MAC entity shall ignore the Ci field. The Ci field is set to 1 to indicate that the SCell with SCellIndex i shall be activated. The Ci field is set to 0 to indicate that the SCell with SCellIndex i shall be deactivated;

-
R: Reserved bit, set to 0.
The section below demonstrates that the MAC CE for activation SCell plus TRS can be as short as one octet when default TRS is used. If the activation MAC CE is allowed for TRS selection, TRS ID octets will be added after the SCell activation octets shown in Figure 1. Normally, not many SCells are activated at the same time. Only the TRS IDs associated with the activated SCells need to be included in the activation MAC CE. This will largely reduce the size of the MAC CE. This approach is very straightforward to be designed and utilized, especially if there is no need to jointly encode temporary RS triggering information over multiple carriers.
The Alt2 in the above RAN1 agreement is to follow the existing CSI-AperiodicTriggerState mechanism for triggering the A-TRS. In TS38.321 there is an existing CSI-AperiodicTriggerState MAC CE:
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Figure 2: Aperiodic CSI Trigger State Subselection MAC CE.

The symbol definitions in Figure 2:

-
Ti: This field indicates the selection status of the Aperiodic Trigger States configured within aperiodicTriggerStateList, as specified in TS 38.331. If the list does not contain entry with index i, MAC entity shall ignore the Ti field. The Ti field is set to 1 to indicate that the Aperiodic Trigger State i shall be mapped to the codepoint of the DCI CSI request field, as specified in TS 38.214. The maximum number of mapped Aperiodic Trigger States is 63;
If we assume that the format of the Aperiodic CSI Trigger State Subselection MAC CE is directly reused for SCell activation and TRS triggering, the MAC CE is bigger than the Alt1. It is not as efficient as the  Alt1. Each MAC CE only has one serving cell ID and can only triggering TRS for one activated SCell a time. The trigger states have to be exhausively configured and the entire corresponding bit map of all the triggering states has to be carried in each trigger state MAC CE. For CSI, the trigger state bit map needs upto 8 octets. Currently, it is not clear how many trigger states the TRS will have. It would be comparable with CSI-RS.

Comparing Alt1(SCell activation MAC CE based) with Alt2 (trigger state based), Alt2 has less flexibility with exhausive trigger states and fixed corresponding bit map in the MAC CE. This leads to bigger MAC CE size and bigger MAC signaling over head. For example, assuming in Alt1 256 TRSs are pre-configured and one octet is need for indexing the TRSs, in Alt2, 63 trigger states are pre-configured as for A-CSI-RS. For activation of 3 SCells at the same time, Alt1 needs 4 octets (one for activation, three are the 3 TRS IDs corresponding to activated SCells), but Alt2 needs 27 Octets (3 SCells, each need a trigger state MAC CE of 9 octets). 

Observation 1: The SCell activation MAC CE based approach (Alt1) is more flexible and has less MAC signaling overhead than the trigger state based approach (Alt2).
Proposal 1: Adopt SCell activation MAC CE based approach (Alt1) for TRS triggering. 
2.2 SCell activation MAC CE based TRS triggering
2.2.1 Activation of default TRS pre-configured with the SCell
As is suggested by RAN1 [1], during the initial SCell addition or SCell reconfiguration via RRC reconfiguration message, UE can be configured to detect the TRS at the re-activation of the SCell later on. At the SCell activation, the TRS transmission from an SCell and reception at the UE is triggered by the SCell activation MAC CE. 
In order to minimize the size of the SCell + TRS activation MAC CE, the default TRS(s) of different SCells can be pre-configured to the UE. One possible solution is that activation of the default TRS is triggered simply by the SCell activation MAC CE. The format of the MAC CE is the same as the existing activation MAC CE format as shown in Figure 1.
In this approach, when a Ci is set to ‘1’, the default TRS pre-configured for the SCell with index I is also activated. If the UE is configured by the TRS(s), and if the UE only received the Scell activation MAC CE (at the absence of other TRS information), the UE uses the default TRS configuration to perform the TRS detection.
In the email discussion [2], companies have different views on whether the MAC CE for triggering the default TRS should be a new MAC CE with a new LCID, or just reuse the existing SCell activation MAC CE. In our view, the existing MAC CE can be used for this purpose. As long as the default TRS is pre-configured, the activation MAC CE will activate both the SCell and its associated TRS. If TRS is not pre-configured, the MAC CE just serve its legacy function of activation of SCell only. Define a new SCell activation bit map only MAC CE will serve the same purpose but will consume more LCID resource.
Observation 2: Using the SCell activation MAC CE of the existing format to trigger the pre-configured default TRS can minimize the size of the activation MAC CE.

Proposal 2: Support the default TRS pre-configured for a SCell and using the MAC CE with SCell activation bit map only to activate the SCell and trigger the default TRS.

Proposal 3: Consider to adopt the existing SCell activation MAC CE to also trigger the default TRS if the default TRS is pre-configured for the SCell. 

2.2.2 Activation of alternative TRSs with the SCell
In the Alt 1, the activation MAC CE could also be used to select the alternative TRS for triggering at the activation. A new MAC CE should be defined for this purpose. A new LCID should be assigned to the new MAC CE. In the MAC CE, the definition of Ci and R bit map is the same as in the existing SCell activation/deactivation MAC CE. Additional octets are used for TRS selection. For each Scell in the activation bit map, there is a corresponding z-bit field of TRS ID for alternative TRS selection and triggering if configured. RAN1 may provide further guidance on how many alternative TRSs will be allowed and determine how big will be the z-bit block. Normally, there are not too many SCells are activated at the same time. Number of alternative TRSs for a particular cell may be limited 

Figure 3 demonstrates an example of the MAC CE with three SCells activated at the same time, 2-bit (Ti1, Ti2) blocks are used for alternative TRS selection. The definition of (Ti2, Ti1): if Ci is set to ‘1’ to activate the SCell with index i, (Ti2, Ti1) is in effect and is the index of the alternative TRS selected to be activated with the activation of SCell i.

The UE procedure is: when a Ci is set to ‘1’. If the UE is configured by the TRS(s), the UE uses the configuration of the TRS with index (Ti1, Ti2) to perform the TRS detection.

In order to save some signaling overhead, the new MAC CE can be designed only including the TRS selection for the activated SCells: 
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Figure 3: New SCell activation MAC CE with 2-bit alternative TRS selection block.
The new MAC CE includes only the TRS selection bits corresponding to activated SCell(s). As shown in Figure 3, SCells with index 1, 3, 6 are activated by C1, C3, C6, the corresponding TRS selection bits are carried in the MAC CE in the next Octet: (T12, T11), (T32, T31) and (T62, T61) following the same order of C1, C3, C6. Upon received the MAC CE, the UE decodes the TRS selection bits only for the SCell activation bits which are set to ‘1’ (activation) and decodes the corresponding blocks of the TRS selection bits following the same order as the asserted SCell activation bits. The above examples demonstrate the principle of MAC CE(s) for SCell/TRS activation. The size of the MAC CE will be variable depending on how many SCells are to be activated at the same time and how big is the z-bit selection block size. Figure 4 show another example of 8-bit TRS selection block is used with the same three SCells to be activated: 
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Figure 4: New SCell activation MAC CE with 8-bit alternative TRS selection block.
In the example of Figure 4, a big set of 256 alternative TRSs is allowed. The activated SCells C1, C3, C6 have the selected TRSs indexed by 8-bit TRS ID blocks (T18, …,T11), (T38, …,T31) and (T68, …,T61) respectively. The order of the TRS ID blocks follows the same order of the activated SCells C1, C3, and C6. With only the TRS selection blocks of the activated SCells included in the MAC CE, the size of the MAC CE is minimized.

Observation 3: The size of the SCell/TRS activation MAC CE can be minimized by only including the TRS ID block of the activated SCells.
Proposal 4: Adopt the new variable size SCell/TRS activation MAC CE with SCell activation bit map and only the TRS ID block of the activated SCells included.
3 Conclusions
Based on the above discussion, we have the following observation and proposals:
Observation 1: The SCell activation MAC CE based approach (Alt1) is more flexible and has less MAC signaling overhead than the trigger state based approach (Alt2).
Proposal 1: Adopt SCell activation MAC CE based approach (Alt1) for TRS triggering. 
Observation 2: Using the SCell activation MAC CE of the existing format to trigger the pre-configured default TRS can minimize the size of the activation MAC CE.

Proposal 2: Support the default TRS pre-configured for a SCell and using the MAC CE with SCell activation bit map only to activate the SCell and trigger the default TRS.

Proposal 3: Consider to adopt the existing SCell activation MAC CE to also trigger the default TRS if the default TRS is pre-configured for the SCell. 

Observation 3: The size of the SCell/TRS activation MAC CE can be minimized by only including the TRS ID block of the activated SCells.
Proposal 4: Adopt the new variable size SCell/TRS activation MAC CE with SCell activation bit map and only the TRS ID block of the activated SCells included.
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