3GPP TSG-RAN WG4 Meeting #87	R4-1806868
Busan, South Korea, 21st – 25th May, 2018


Agenda item:	6.26.1.2
Source: 	Qualcomm Incorporated
Title: 	Discussion on open issues in direct Scell activation
Document for:	Discussion
Introduction
In the last RAN4 #86bis meeting, RAN4 continued the discussion on the open issues in direct Scell activation and agreed that at least the following open aspects needs to be further discussed [1].
	· Reference point n after RRC reconfiguration message is received.
· Interrupts requirements at direct SCell Activation:
· Follows interrupt requirements at PSCell addition procedure
· Follows immediately after RRC processing procedure
· Follows both interruption requirements allowed for Scell addition and Scell activation
· Activation delay for known cell:
· n + TRRC_Process + X1
· n + X2
· TRRC_Process is 20ms which is the maximum RRC processing delay as defined in TS36.331
· X1/X2 is the Scell activation time until UE reports the first valid CQI
· Activation delay for unknown cell is 10ms longer than that of known cell
· FFS: UE capability on the number of Scells that can be directly activated



In this paper, we discuss the above open aspect in the direct Scell activation. 
Discussion
As discussed in [2-3], to avoid complication/ambiguity in the Scell state, the requirement for direct Scell activation can be implemented as a straightforward concatenation of the exising Scell addition procedure, followed by the Scell activation as shown in Figure 1 (a). It should be noted that in the proposed processing timeline, UE starts the PUCCH format change only after it is confirmed that eNB has received the RRCConnectionReconfigurationComplete message. This is to avoid any potential PUCCH format mismatch between UE and eNB.
Proposal 1. To avoid any out-of-sync in PUCCH format between UE and eNB, UE can start PUCCH format change only after it is confirmed that eNB has received the RRC response.  


(a)


(b)
Figure 1. Scell configuration and activation timeline: (a) direct Scell activation, (b) legacy Scell activation with back-to-back Scell addition and activation

Activation Delay
Under the proposed timeline, the overall activation delay for the known cell can be given by 
Tdirect_activation = TRRC_PROCESS + TUL_GRANT + TRRC_PHY + TPHICH_PROC + 20ms
where TRRC_PROCESS is 20ms which is the maximum RRC processing delay defined in TS36.331, and
TUL_GRANT is the amount of the time until UE receives the UL grant for RRCConnectionReconfigurationComplete, and
TRRC_PHY is the amount of the time from the reception of the UL grant for RRCConnectionReconfigurationComplete until the reception of the ACK for RRCConnectionReconfigurationComplete, and
TPHICH_PROC is the processing delay for PHICH, which is [2] ms, and
the fixed delay of 20ms is to account for the time allowed for the legacy Scell activation excluding the MAC CE processing delay.
Proposal 2. Scell activation delay for the known cell directly activated by RRC message is given by 
Tdirect_activation = TRRC_PROCESS + TUL_GRANT + TRRC_PHY + TPHICH_PROC + 20ms
where 
TRRC_PROCESS is 20ms which is the maximum RRC processing delay defined in TS36.331, and
TUL_GRANT is the amount of the time until UE receives the UL grant for RRCConnectionReconfigurationComplete, and
TRRC_PHY is the amount of the time from the reception of the UL grant for RRCConnectionReconfigurationComplete until the reception of the ACK for RRCConnectionReconfigurationComplete, and
TPHICH_PROC is the processing delay for PHICH, which is [2] ms.
It should be noted that the direct Scell activation based on the proposed timeline can still provide the benefits of saving the extra PDSCH transmission for separate MAC CE while achieving the overall Scell activation delay less than the legacy Scell activation. Considering the processing time for the PUSCH, eNB following the legacy SCell activation flow will not be able to send MAC CE for Scell activation any earlier than the first downlink subframe that contains the ACK for the PUSCH as shown in Figure 1 (b). Since PHICH only occupies the very first OFDM symbol in the downlink subframe with simple repetition coding, overall processing delay should be much shorter than PDSCH. Assuming 2ms of the PHICH processing delay, the proposed timeline can achieve at least 2ms shorter Scell activation delay compared to the most aggresstive legacy Scell activation timeline while eliminating the needs for extra PDSCH transmission for MAC CE.
Observation 1. Direct Scell activation timeline in Proposal 1 provides shorter overall Scell activation delay than the most stringent legacy Scell activation timeline with the back-to-back Scell addition and activation, while eliminating the needs for separate PDSCH transmission for MAC CE.
Finally, when directly activating an unknown cell as a Scell, the additional 10ms of delay should be required to account for the longer time required for the cell detection.
Proposal 3. Direct Scell activation delay for unknown cell is 10ms longer than that of known cell.
Re-using PSCell requirement
In the last RAN4 meeting, there was some discussion about reusing the delay/interruption requirement from PSCell addition in the direct Scell activation. However, in our view, PSCell related requirements are based on the assumptions different from CA and cannot be simply reused in direct Scell activation. 
Existing interruption requirement at PSCell addition allows only a single-subframe interruption on Pcell or any other Scell in MCG for synchronous DC. If it was not by error, such requirement can be considered defined under the assumption of the strict inter-band operation or the independent RF chain between intra-band Pcell and PSCell without the shared LNA. Note that for the similar Scell addition in CA, RAN4 allows up to 5 ms of interruption for intra-band CA to account for the shared LNA structure commonly used in the intra-band CA, and also allows the larger delay to account for the amount of time needed for AGC settling when the shared LNA is perturbed by Scell addition/activation.
Furthermore, in terms of the activation delay, PSCell activation can be processed with no dependency on PUCCH format since Pcell and PSCell is configured with its own PUCCH. However, in Scell activation UE also needs to change the Pcell PUCCH format according to the Scell(s) being activated. Therefore, in order to avoid PUCCH format becoming out-of-sync, UE should not start the Scell activation and PUCCH format change before it confirms that eNB has received the RRC response for the RRC connection reconfiguration.
Observation 2. Existing delay/interruption requirement at PSCell addition is derived under the different RF/PHY layer assumption than CA and cannot be re-used in the direct Scell activation.
Interruption
In the last RAN4 #86bis meeting, a few options for the interruption requirement was discussed, including
· Follows interrupt requirements at PSCell addition procedure
· Follows immediately after RRC processing procedure
· Follows both interruption requirements allowed for Scell addition and Scell activation
In the legacy Scell activation, the interruption during the Scell addition may be viewed as to perform any necessary re-programming/re-routing RF for the current active cells in preparation of the new Scell being activated while the interruption during Scell activation is to turn on the RF chains for Scell being activated. Considering that the direct Scell activation is a concatenation of the Scell addition and Scell activation, our view is that the interruption allowed in Scell addition and activation in the legacy requirement should continue to be allowed during the direct SCell activation. One optimization that may be considered along with the direct SCell activation is that UE causes only a single interruption when activating the SCell after the eNB confirms the reception of the RRC response message. 
Proposal 4. Interruption requirement for direct Scell activation is chosen between 
· Option 1: Interruption allowed during the RRC procedure window and at the beginning of Scell activation.
· Option 2: Interruption allowed only at the beginning of Scell activation which happens after the eNB confirms the reception of the RRC response message.
UE Capability
UE complexity for the direct Scell activation generally increases as more number of Scells are to be directly activated at the same time. Therefore, it is reasonable to define a UE capability to specify the maximum number of Scell that UE can directly activate in a single RRC connection reconfiguration message. Furthermore, it is also expected that the direct activation of the Scell with both downlink and uplink would be more complicated than the Scells with downlink only without uplink CA support. Therefore, UE may indicate a separate capability for the direction Scell activation with and without Scell uplink. For instance, a UE that supports the direct Scell activation feature should be able to directly activate X (≥1) Scells that are not used for the uplink carrier aggregation, or Y (≥1) Scells that can be used for the uplink carrier aggregation, where X and Y is indicated as UE capability signaling.
In the recent LS from RAN2 [4], it is informed that RAN2 will be introduing a capability bit for direct Scell activation. To address the aforementioned issue, we propose to send LS to RAN2 to expand the UE capability for the direct Scell activation to include the maximum number of Scells that can be directly activated at once. Considering that it is unlikely that eNB want to directly activate large number of SCCs at once, our view is that two-bit capability to indicates the X/Y values from {0, 1, 2, 3} should be sufficient.
Observation 3. UE complexity to directly activate Scell varies depending on the number of Scells are directly activated and depending on whether UE needs to activate only downlink or both uplink/downlink of Scells.
Proposal 5. UE capability is defined to specify the maximum number of Scells that UE can directly activate in one RRC message. Maximum number of Scell that UE can directly activate in one RRC message can be defined separately depending on whether the Scells can be used for uplink carrier aggregation or not.
A companion paper [5] is prepared to capture the draft LS to RAN2 regarding the UE capability signaling for euCA.
Proposal 6. Send LS to RAN2 regarding the UE capability required for direct Scell activation.
Direct Dormant Scell State 
In [4], RAN2 also informed the following agreement regarding the direct configuration of a Scell in dormant state. 
· Configuring SCell in dormant state: In addition to active state, SCell be configured directly in dormant state. 
· Timing of direct dormant configuration: In RAN2 understanding, the timing of the direct dormant configuration should be similar as for the direct Scell activation. 
In our view, UE is supposed to perform identical steps between direct Scell activation and direct dormant Scell configuration since UE should be ready to report valid CQI in both cases. Therefore, we propose to acknowledge RAN2’s understanding regarding the timing of the direct dormant configuration.
Proposal 7. Overall configuration delay in direct dormant Scell configuration is the same as overall activation delay in the direct Scell activation.
Conclusion
[bookmark: _GoBack]In this contribution, we discussed the open issues in the direct Scell activation. Proposals and observations made in this paper are summarized as follows:
Proposal 1. To avoid any out-of-sync in PUCCH format between UE and eNB, UE can start PUCCH format change only after it is confirmed that eNB has received the RRC response.  
Proposal 2. Scell activation delay for the known cell directly activated by RRC message is given by 
Tdirect_activation = TRRC_PROCESS + TUL_GRANT + TRRC_PHY + TPHICH_PROC + 20ms
where 
TRRC_PROCESS is 20ms which is the maximum RRC processing delay defined in TS36.331, and
TUL_GRANT is the amount of the time until UE receives the UL grant for RRCConnectionReconfigurationComplete, and
TRRC_PHY is the amount of the time from the reception of the UL grant for RRCConnectionReconfigurationComplete until the reception of the ACK for RRCConnectionReconfigurationComplete, and
TPHICH_PROC is the processing delay for PHICH, which is [2] ms.
Proposal 3. Direct Scell activation delay for unknown cell is 10ms longer than that of known cell.
Observation 1. Direct Scell activation timeline in Proposal 1 provides shorter overall Scell activation delay than the most stringent legacy Scell activation timeline with the back-to-back Scell addition and activation, while eliminating the needs for separate PDSCH transmission for MAC CE.
Observation 2. Existing delay/interruption requirement at PSCell addition is derived under the different RF/PHY layer assumption than CA and cannot be re-used in the direct Scell activation.
Proposal 4. Interruption requirement for direct Scell activation is chosen between 
· Option 1: Interruption allowed during the RRC procedure window and at the beginning of Scell activation.
· Option 2: Interruption allowed only at the beginning of Scell activation which happens after the eNB confirms the reception of the RRC response message.

Observation 3. UE complexity to directly activate Scell varies depending on the number of Scells are directly activated and depending on whether activating only downlink or both uplink/downlink of Scells.
Proposal 5. UE capability is defined to specify the maximum number of Scells that UE can directly activate in one RRC message. Maximum number of Scell that UE can directly activate in one RRC message can be defined separately for the Scell with and without ULCA support.
Proposal 6. Send LS to RAN2 regarding the UE capability required for direct Scell activation.
Proposal 7. Overall configuration delay in direct dormant Scell configuration is the same as overall activation delay in the direct Scell activation.
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