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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#77, the new L1 procedure for activated SCell to further reduce the transition time was discussed, and a follow-up email discussion was dedicated to this topic. The summary of the discussions and proposals were captured in R1-142779, which can be used as a guideline for the RAN1#78 meeting.
In this contribution, we propose a new L1 procedure for activated SCell on/off. Relevant issues about small cell on/off and discovery are discussed in companion contributions, e.g., [1][2][3][4].
New L1 procedure design
In this section, a new L1 procedure design is proposed. The design is in accordance with the following general design guideline and assumptions (for relevant discussions, see [4]):
· General design guideline: 
It is desirable that the design supports Scell fast on/off at any subframe with low UE complexity and high reliability.
· Design assumptions:
· The Scell performing fast on/off is activated for the UE;
· The UE assumes that DRS is present in the subframe configured with DRS, and CSI-RS is present in the subframe configured with CSI-RS;
· The initial design may assume a synchronous network, i.e. the case where a UE can acquire the Scell timing based on Pcell timing (e.g., in intra-band CA). The design may be extended to cover the asynchronous cases (e.g., in inter-band CA) with additional supports.
An example design following the general guideline and assumptions is illustrated in Figure 1. The UE does not monitor the activated Scell on subframes not containing DRS or CSI-RS, until it receives an indicator from its Pcell for performing the monitoring of the Scell. After the UE receives the indicator, it monitors the RS/(E)PDCCH on the Scell and may receive data for a number of subframes. Finally, the UE stops the monitoring after it receives an indication of no-monitoring of the Scell. 
[image: ]
[bookmark: _Ref382395770]Figure 1. Example of the a L1 procedure for fast on/off of an activated Scell (the presence and periodicity of the illustrated CSI-RS may be configurable)

It can be seen that the main components of the design include the following:
· An explicit L1 indicator sent from the Pcell to indicate the On state of the Scell:
For the case of Scell off-to-on transition, implicit or explicit indication may be possible. If an implicit L1 indicator is used, the UE needs to perform blind detection of RS (e.g. CRS) and/or (E)PDCCH on all of the activated Scells in every subframe, and then autonomously decides whether the Scell is in the On state based on the detection result. The detection performance, however, may depend on various factors, such as the channel quality, UE implementation of the blind detection, channel estimation result, synchronization accuracy between the UE and Scell, etc. A missed detection caused by any of the factors may be mistaken by the UE as the Scell being in the Off state. 
A more reliable way is to send an explicit L1 indicator from the Pcell. As the UE always monitors the channel quality and CRS/PDCCH of the Pcell, the detection of the explicit indicator may be more reliable than that with the implicit indicator. Furthermore, there is no significant increase of the time/frequency resources that the UE needs to monitor, i.e., no significant increase of UE complexity. The explicit indicator can be sent within a DCI for the low latency associated with DCI reception.
In other words, the Pcell may send a DCI containing an explicit L1 indicator during the Scell off-to-on transition.
· An L1 indicator to indicate the Off state of the Scell:
For the case of Scell on-to-off transition, implicit or explicit indication may be considered. An implicit indicator may be based on the absence of RS/(E)PDCCH for a certain amount of time on the Scell. However, it may be simple and beneficial to have a unified L1 solution for both off-to-on and on-to-off indication; that is, using the explicit DCI message to inform both Scell off-to-on and Scell on-to-off transitions. 
To achieve this, one bit in the Pcell DCI may be use to indicate the On/Off states of a Scell. If the bit is set, the associated Scell is in the On state; if the bit is not set, the Scell is in the Off state; if no DCI is detected, the Scell state remains as before. The association between the Scell and the indicator bit may be pre-configured by RRC signaling.
· UE monitoring behavior:
With the above design, the UE starts monitoring the Scell’s RS/(E)PDCCH upon receiving the On-state indication from the Pcell, and it stops monitoring the Scell upon receiving the Off-state indication from the Pcell. In other words, the On/Off state indicators serve as the monitoring indicator and no-monitoring indicator for the UE. (Note that, however, the subframes with configured DRS/CSI-RS are always monitored by the UE.) 
The UE may start monitoring the Scell’s RS/(E)PDCCH on the subframe where it receives the off-to-on indicator in DCI. There can be a brief transition time needed for the UE to receive from the Scell.  In the cases with synchronized carriers and periodic DRS/CSI-RS transmissions, no time is needed for tracking, RF tuning, or AGC settling [4].  However, one OFDM symbol duration may be needed for the indicator detection. That is, the UE may receive from the Scell starting from the 3rd OFDM symbol of the first subframe of the transition (see Figure 2). On the other hand, if the UE is not synchronized with the Scell, and/or RF tuning and AGC settling is needed, it needs to receive some signals (e.g. CRS/PSS/etc.) from the Scell for some longer duration before it can decode (E)PDCCH or receive data. 
[image: ]
[bookmark: _Ref395107896]Figure 2. Example design to account for off-to-on transition
In addition, when a small cell configured as a Scell is turning on or off, the cell state information may need to be sent to multiple UEs having this cell as an activated Scell. Therefore, the Scell On/Off state indication may be sent to a group of UEs using the DCI message. This has the advantage that the network can inform multiple UEs having the same cell as an activated Scell about the Scell On/Off state by sending the signaling only once. Specifically, the group DCI format 1C may be enhanced for this purpose.
The proposed new L1 procedure is summarized as follows:
· On/off indication:
· Explicit L1 indicator (DCI) from Pcell 
· UE behavior:
· Monitor the Scell RS/(E)PDCCH from the time of receiving On-indicator
· Not monitor the Scell from the time of receiving Off-indicator (except for DRS/CSI-RS)
· Complete off-to-on transition within one OFDM symbol duration (for synchronized case)
· Further enhancement: 
· L1 indicator (DCI) to a group of UEs
It can be seen from the above discussion that, the standards impacts of new L1 procedure mainly include defining the explicit DCI message to indicate the Scell on/off and the associated UE monitoring behaviors.
Proposal 1: Define a DCI message from the Pcell to indicate the Scell On/Off states. 
Proposal 2: Define the UE behavior as follows: the UE performs monitoring of the Scell RS/(E)PDCCH from the time of receiving an On-state indicator, and performs no-monitoring of the Scell from the time of receiving an Off-state indicator (except for DRS/CSI-RS).
Proposal 3: Define the DCI message as a broadcast message to a group of UEs.
Conclusions
In this contribution, we propose a new L1 procedure for activated SCell on/off. The following are proposed:
Proposal 1: Define a DCI message from the Pcell to indicate the Scell On/Off states. 
Proposal 2: Define the UE behavior as follows: the UE performs monitoring of the Scell RS/(E)PDCCH from the time of receiving an On-state indicator, and performs no-monitoring of the Scell from the time of receiving an Off-state indicator (except for DRS/CSI-RS).
Proposal 3: Define the DCI message as a broadcast message to a group of UEs.
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