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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 are captured in R1-142779 [1], which can be used as a guideline for the RAN1#78 meeting.
In this contribution, we clarify some issues with the fast on/off study. We also discuss and compare the fast on/off schemes summarized in R1-142779 [1]. See the companion contribution [2] for the fast on/off design proposal, and [3][4][5] for some relevant issues about small cell on/off and discovery.
Current status of the new L1 procedure for fast on/off
The following RAN1#77 agreement helps define the scope of the new L1 procedure for fast on/off:
· Minimize RAN2 impact by small cell on/off transition time reduction in addition to DRS-based measurement
In other words, the new L1 procedure should limit its standards impacts mainly to the physical layer, and it should not lead to significant impacts on higher layers (MAC, RRC, etc.), as it is termed as a “layer 1” procedure.
In RAN#64, the following agreements in RP-141031 [6] were approved:
· Spend no more than 1 TU in RAN1#78 to discuss this open issue:
· “Investigate detailed solution(s) of new L1 procedure for activated Scell operating on/off that further reduces transition time”
· If a consensus cannot be reached on a complete solution during this limited time, then there will be no new L1 procedure for activated SCell operating on/off in Rel-12 due to time constraints.
However, several approaches for ON/OFF indication are being considered for the new L1 procedure for fast on/off, and a consensus is yet to be reached. The approaches are summarized in R1-142779 [1]:
· ON/OFF based on L1 signalling
· Subframe level ON/OFF
· Multiple subframe (frame, half frame, etc.) level ON/OFF
· ON/OFF based on CA activation/deactivation signalling
Therefore, in order to include in Rel-12 the desirable feature of small cell on/off with further reduced transition time, at least some common understandings of the fast on/off should be achieved first. In this contribution, we provide further clarifications and comparison of the fast on/off schemes. First, some general considerations of the design guideline and basic assumptions are discussed, which can be used as a common ground for the design. Then the schemes proposed in [1] are compared and analyzed, followed by a proposal that may be used as the baseline for a potential consensus of the design.
General considerations of the new L1 procedure for fast on/off
The following aspects should be considered for the design of new L1 procedure:
· General design guideline: 
It is desirable that the design supports Scell fast on/off at any subframe with low UE complexity and high reliability.
As concluded by RAN1 in TR 36.872 [7], reduced transition times lead to better performance. Therefore, subframe-level Scell on/off, if achievable with high reliability without considerably increasing UE complexity, should be considered. The feasible transition time scale will be analyzed later. 
How the Scell On/Off states are conveyed to the UE affects the UE complexity and reliability. For example, utilizing DCI to convey the On/Off states does not considerably increase the UE complexity since the UE can already perform such operations. Furthermore, if the DCI is sent from the Pcell only, then the UE complexity for receiving the indication is regarded as low since the UE does not have to monitor the Scell all the time. In addition, using signals similar to existing ones (e.g. PDCCH/PDSCH) to carry the indication is regarded as reliable since their transmissions are well protected by existing mechanisms.
On the other hand, the UE complexity is regarded as considerably increased if the UE needs to autonomously detect whether a subframe is in the On state or Off state, in every subframe for all activated Scells. The UE autonomous detection usually involves blind detection of RS (e.g. CRS) and/or (E)PDCCH, and in some cases the UE may need to hypothesize on the detection of the RS for its further (E)PDCCH decoding attempts. As a result, the reliability of the UE autonomous detection may not be consistent and 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. 
Therefore, a new L1 signaling may be introduced for the new L1 procedure to indicate the On/Off states of a Scell. This can support Scell fast on/off at any subframe with low UE complexity and high reliability (depending on the specific design).
· 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.
· Feasible transition time scale:
· Tracking:
The time/frequency tracking may highly depend on the scenarios (e.g., synchronized or not) for which the new L1 procedure is designed. When the time-synchronized scenarios are considered, the time/frequency tracking of Scell can rely on the Pcell and no time needs to be spent on tracking during the off-to-on transition. For the case where un-synchronized or coarse synchronized carrier is assumed, some time should be allowed to achieve time/frequency tracking, and the exact number of subframes for initial time/frequency tracking depends on the decision of DRS design and RAN4 decision. For example, if the DRS design and RAN4 decision are such that the timing obtained from one DRS occurrence can be maintained (e.g., within 3 s) till the next DRS occurrence, then zero subframe for initial time tracking is needed; otherwise more than one subframe is needed.
· RF tuning and AGC:
The delay caused by RF tuning (assuming RF is on) and AGC settling has been studied in CA activation [7] and D2D [9]. In [9] it was concluded that at most one OFDM symbol duration of about 70 s is needed. It should be pointed out that the scenarios studied in CA or D2D may not be fully aligned with those for small cell on/off, so one cannot directly reuse those studies for small cell on/off. Nevertheless, from these related studied one may estimate that the delay caused by RF tuning and AGC settling may be at most one OFDM symbol duration, i.e., no more than about 70 s.
In addition, for an activated Scell, any configured DRS and CSI-RS are transmitted periodically. UE can perform its RF tuning and set its AGC based on these signals. Therefore, for the new L1 procedure, no transition time is needed for the RF tuning and AGC settling.
In summary, we have the following proposals for new L1 procedure design:
Proposal 1: The new L1 procedure should support Scell fast on/off at any subframe with low UE complexity and high reliability.
Proposal 2: The new L1 procedure should first be supported for synchronized scenarios in CA.
Proposal 3: The following feasible transition time scale should be considered:
· For synchronized scenarios, the time/frequency tracking of Scell incurs no tracking delay; for un-synchronized or coarse-synchronized scenarios, the duration for initial time/frequency tracking depends on the decision of DRS design and RAN4 decision;
· RF tuning and AGC settling time incurs no transition delay.
Comparison of fast on/off schemes
At a high level, the following approaches for ON/OFF indication are considered in the proposed solutions:
· ON/OFF based on L1 signalling
· Subframe level ON/OFF (0 ms off-to-on transition time, or 1 or 2 OFDM symbols)
· Multiple subframe (frame, half frame, etc.) level ON/OFF
· In addition, the signaling may be explicit or implicit
· ON/OFF based on CA activation/deactivation signalling
The solutions can be compared in several aspects, based on the assumptions list before (the comparison will differ if the assumptions are different):
Table 1 Comparison of fast on/off schemes
[image: ]
It can be seen that subframe-level on/off based on explicit signaling has the shorter transition time, lower complexity, higher reliability, and lower impact on higher layers. Therefore, subframe-level on/off based on explicit signaling should be considered, and in particular, the design of explicit L1 signaling should be the focus. After the signaling design is completed, the corresponding UE behavior can be defined accordingly.
Proposal 4: Focus on the design of the explicit L1 signaling.
Conclusions
In this contribution, we discussed several considerations of the new L1 procedure for activated SCell on/off and compared several schemes. The following are proposed:
Proposal 1: The new L1 procedure should support Scell fast on/off at any subframe with low UE complexity and high reliability.
Proposal 2: The new L1 procedure should first be supported for synchronized scenarios in CA.
Proposal 3: The following feasible transition time scale should be considered:
· For synchronized scenarios, the time/frequency tracking of Scell incurs no tracking delay; for un-synchronized or coarse-synchronized scenarios, the duration for initial time/frequency tracking depends on the decision of DRS design and RAN4 decision;
· RF tuning and AGC settling time incurs no transition delay.
Proposal 4: Focus on the design of the explicit L1 signaling.
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