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1 Introduction

In RAN2#73bis meeting, discussion on Multiple TA was resumed, and RAN2 agreed to work on RACH procedure on SCell based solution. During RAN2#74 meeting, the issue that who initiates RACH was discussed. It was agreed that only network triggers RACH on SCell for initial time alignment purpose, and network trigger for RACH on Scell is through PDCCH order. But it is still FFS whether UL data arrival could trigger RACH on SCell, and whether additional mechanisms for network order for RACH on SCell will be introduced. In this contribution, these two issues are discussed and our preferences are indicated.
2 Discussion
During RAN2#74 meeting, the consensus was reached that RACH initiation by PDCCH order is only supported after SCell activation. The interaction between eNB and UE for RACH triggering on SCell can be described through following steps, as illustrated in Figure 1. X is the time duration from the time point that the SCell is activated to the time point PDCCH order is successfully decoded. It can be divided into two parts, i.e. time for monitoring PDCCH order, and time for decoding PDCCH order. If the network can send PDCCH order timely, the time length of X can be decreased. Y is the time duration from the point that PDCCH order is successfully decode to the time point RACH procedure is successfully completed. So it is the time during which UE performs RACH procedure for the SCell. 
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In Rel-10, UL-SCH/DL-SCH transfer on an activated SCell can be performed from subframe n+8. According to Figure 1, it can be observed that when multiple TA is supported, UL-SCH/DL-SCH transfer on an activated SCell can be performed from subframe n+8+X+Y, right after RACH procedure is successfully completed. Therefore additional latency i.e. X+Y will be introduced compared to single TA. 
Observation 1: Additional latency will be introduced if RACH initiation by PDCCH order is only supported after SCell activation. 
When an SCell is activated, usually the PDCCH order transmission would not be intentionally delayed by the network. So that the RACH procedure can be performed immediately, and the activated SCell can get ready for service timely. In our understanding, the length of X should only be several ms, e.g. less than 10ms. But in the case that PDCCH order is missed, the time duration X might be longer. 
The time duration Y, i.e. the duration from receiving Msg0 to RACH completion, might be much longer than X. If only non-contention based RACH is supported on SCell, the duration Y is determined by PRACH resource allocation, and RA response window size. It will be extended if RACH doesn’t success in the first attempt and re-attempt is performed subsequently. If contention based RACH would also be supported on SCell, the duration Y will be even longer. Comparing the time duration X and Y, length of Y could be dominant in the additional latency. 
Observation 2: The time length Y during which UE performs RACH for the SCell could be dominant in the additional latency. 
Whether such additional latency is acceptable should be discussed first before we try to explore the optimization. The motivation to support MAC level activation/deactivation in Rel-10 is to allow switching SCells on/off much faster. Thus the state transition time during activation/deactivation would be short, and UE would not take a long time to prepare the activated SCell for data transfer. With the procedure described in Figure 1, the gain for fast SCell state transition may be largely shrunk. Thus we propose that further optimization to shorten the latency for SCell activation is needed, if no considerable complexity is found. 
Proposal 1: Further optimization to shorten the latency for SCell activation is needed. 

2.1 Need for triggering RACH by network with other trigger than PDCCH order
In order to shorten the latency for SCell activation, additional triggering mechanism for network order for RACH on SCell, such as through activation command, has been introduced and analyzed in [1][2][3]. The method can be considered as an optimization for the PDCCH order based triggering. In order to obtain the benefit of lower latency, it is proposed that the format of MAC CE for activation can be extended to include the corresponding preamble index, and the MAC CE could be used to trigger RACH procedure for the activated SCell, just as illustrated in Figure 2. 

As shown in Figure 2, the latency can be shortened by X compared to Figure 1, since UE doesn’t need to monitor PDCCH order. Furthermore, UE may initiate RACH as soon as MAC CE for SCell activation is received, i.e. before the time point n+8, thus the overall latency for preparing an activated SCell for data transfer can be less than n+8+Y. 
Observation 3: Triggering RACH through SCell activation command can shorten the overall latency. 

Although it may be argued that triggering RACH through SCell activation command can’t decrease the latency significantly, if such triggering mechanism will not bring much complexity and standardization effort, we think it is worthwhile to discuss and endorse such possible optimization. 
With this method, dedicated preamble needs to be indicated in the MAC CE for SCell activation, the format of the activation/deactivation MAC CE would be extended to include the field for preamble indication, meanwhile the field corresponding to PRACH Mask Index may also need to be indicated. 
The activation/deactivation MAC CE can be extended without much standardization effort through simple method. For example, another bitmap with length of 7 bits could be introduced, with each bit indicating whether RACH for the activated SCell needs to be performed or not. If RACH needs to be performed, the corresponding fields for preamble index and PRACH Mask Index will be included. Otherwise, the corresponding SCell will be activated or re-activated without performing RACH. 
The concern that it is unclear whether the SCell activation is successful when RACH on the SCell fails has been raised in [1]. In our understanding, if the activation/deactivation MAC CE is received and ACK is transmitted, the SCell is activated. So there is a common understanding on the SCell status between UE and eNB. If RACH on the SCell fails, the SCell is still activated but without UL time alignment. So eNB may re-trigger RACH on the SCell then. 

Observation 4: Triggering RACH through SCell activation command will not bring much complexity and effort. 
Based on the observation, we have slight preference that MAC CE for SCell activation can be used as a candidate for RACH initiation. 

Proposal 2: MAC CE for SCell activation can be used as a candidate for RACH initiation. 
Proposal 3: Activation/deactivation MAC CE can be extended to include another bitmap with length of 7 bits, with each bit indicating whether RACH for the activated SCell needs to be performed or not.

2.2 Need to have UE trigger RACH procedure in case of new UL data arrival
Currently, UE may report BSR with high buffer size level when large amount of new data available for transmission. When eNB receive the BSR, it may activate an SCell to support higher data rate service, and trigger RACH procedure on the SCell if it is not UL time aligned. 
Observation 5: Current behavior can support the case of new UL data arrival. 

The motivation of UE triggering RACH procedure in case of new UL data arrival is also to shorten the latency to prepare the SCell for data transfer. But the gain is questionable as contention-based RACH triggered by UE will be performed for the SCell. It will take longer time than non-contention based RACH, especially when contention resolution can’t succeed immediately, and re-attempt has to be performed subsequently. It is also unclear whether Backoff time also needs to be defined for RACH performed on SCell. If the Backoff time for SCell would also be specified, the latency will be even longer. 
Another concern on UE triggering RACH procedure is about the contention based RACH. In case of contention based RACH, no matter it is performed on PCell or on SCell for initial UL time alignment, the eNB can’t identify the UE until the contention is resolved. So eNB doesn’t know the configuration of the UE during the RACH procedure, such as whether cross carrier scheduling is configured or not, and which serving cell is the scheduling cell of the concerned SCell if cross carrier scheduling is configured. During contention-based RACH, the PDCCH addressed to RA-RNTI for RAR reception, and PDCCH addressed to Temporary C-RNTI for Msg3 retransmission, can only be transmitted on the SCell itself, i.e. the SIB2-linked DL CC, but not other serving cells. When Msg3 transmitted on the SCell is not successfully received by the eNB, eNB will transmit PDCCH addressed to Temporary C-RNTI on the SCell to schedule the Msg3 retransmission. 

If an SCell without UL time alignment is activated but cross carrier scheduled, the UE should not trigger contention-based RA on the SCell. Otherwise, the UE would monitor PDCCH on the scheduling cell due to the configuration of cross carrier scheduling. But during the RACH procedure, PDCCH addressed to both RA-RNTI and Temporary C-RNTI is transmitted on the concerned SCell. From this perspective, contention-based RACH on SCell is not workable unless modification on current specification is made. For example, PDCCH monitoring is on the concerned SCell itself regardless of the configuration of cross carrier scheduling during the RACH procedure. This would bring extra efforts, and may contradict with the intention of cross carrier scheduling. 
Observation 6: If an SCell is cross carrier scheduled, UE should not trigger contention-based RA on the SCcell. 

Considering the restriction that contention-based RACH can only be performed on the SCell, which is not cross carrier scheduled, contention based RACH is not suitable to be performed on SCells. 

Proposal 4: Contention based RACH on SCell should not be supported. 

Based on above observations, UE triggering RACH will bring marginal gains at the cost of much complexity. We prefer that UE triggering RACH in case of UL new data is not needed. 
Proposal 5: UE triggering RACH in case of UL new data should not be supported. 
3 Conclusion
In this document, we discuss the two issues that whether additional mechanisms for network order for RACH on SCell and whether UL data arrival could trigger RACH on SCell are needed. Following proposals are made:

Proposal 1: Further optimization to shorten the latency for SCell activation is needed. 

Proposal 2: MAC CE for SCell activation can be used as a candidate for RACH initiation. 

Proposal 3: Activation/deactivation MAC CE can be extended to include another bitmap with length of 7 bits, with each bit indicating whether RACH for the activated SCell needs to be performed or not.

Proposal 4: Contention based RACH on SCell should not be supported. 

Proposal 5: UE triggering RACH in case of UL new data should not be supported. 
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Step 1: eNB sends the activation command to activate an SCell. 


Step 2: UE receives the MAC CE for SCell activation in subframe n. The SCell is in the status of activation in subframe n+8. 


Step 3: UE begins to monitor PDCCH order for the SCell if it is not UL time aligned. 


Step 4: eNB sends a PDCCH order to the UE to initiate RACH for the activated SCell.


Step 5: UE performs RACH for the activated SCell. 


Step 6: After the RACH on Scell is successfully completed, UL transmission is performed on the SCell. 
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Figure 1 RACH initiation by PDCCH order after SCell activation
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Figure 2 RACH initiation by SCell activation command








Step 1: eNB sends the activation command to activate an SCell, together with the preamble index and PRACH Mask Index. 


Step 2: UE performs SCell activation, and then performs RACH for the activated SCell. 


Step 3: After the RACH on Scell is successfully completed, UL transmission is performed on the SCell. 
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