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[bookmark: OLE_LINK73][bookmark: OLE_LINK74]In RAN1#96 meeting, several aspects were discussed including SCell activation command, CSI-RS measurement and RACH procedure for SCell activation or setup [1]. In this contribution some details about these aspects are further discussed.
[bookmark: OLE_LINK69][bookmark: OLE_LINK70][bookmark: _Ref129681832]Low latency SCell activation
SCell activation delay for a normal SCell
From current specification in TS 38.213, TS 38.133 and TS 38.321, when a UE receives an activation command in a PDSCH for a SCell in slot , the SCell activation procedure starts at  and completes at the slot with valid CSI reported. The value of   is defined in RAN1 specification. The actions related to CSI reporting for the SCell being activated is started at . The CQI value of out of range should be reported in the CSI report before valid CSI for the SCell is available for the UE. According to RAN4 requirement for SCell activation delay defined in TS 38.133, a UE shall complete a SCell activation no later than n+ [THARQ + Tactivation_time + TCSI_Reporting], where THARQ is the timing between DL data transmission and acknowledgement corresponding to in described above. Tactivation_time includes the delay of MAC-CE parsing time, RF warm up, AGC setting and frequency/time synchronization. TCSI_reporting is the delay including uncertainty in acquiring the first available downlink CSI reference resource, UE processing time for CSI reporting and uncertainty in acquiring the first available CSI reporting resources. 
The Tactivation_time defined in RAN4 can be summarized in Table 1. TSMTC_SCell  is the SMTC periodicity of SCell being activated and the value is 5ms~160ms. In FR1, in case of intra-band SCell activation, TSMTC_MAX is the longer SMTC periodicity between active serving cells and SCell being activated.
[bookmark: _Ref4090859]Table 1 T_activation_time defined in RAN4
	　
	FR1
	FR2

	　
	SCell known
	SCell unknown
	at least one active serving cell on that FR2 band
	there is no active serving cell on that FR2 band 

	
	SCell measurement cycle =< 160 ms
	SCell measurement cycle > 160 ms
	
	
	

	T_activation_time
	[TSMTC_SCell + 5ms]
	[TSMTC_MAX + TSMTC_SCell + 5ms]
	[2*TSMTC_MAX + 2*TSMTC_SCell + 5ms]
	[TSMTC_SCell + 5ms]
	[TBD* TSMTC_SCell + 5ms]



Observation 1: TSMTC_SCell  is the main component of T_activation_time defined in RAN4 .

L1 based SCell activation command
SCell activation delay in T_activation_time includes the delay of cell search, AGC setting, fine frequency/time tracking according different condition of the SCell being activated. Compared with main component of T_activation_time, SCell activation command container has only impact on a small part of SCell activation delay. For SCell activation procedure, network and UE need a common understanding on when activation command can be learned by UE to avoid blind detection for different sizes of CSI report. Therefore, HARQ-ACK feedback for the SCell activation command is needed even if activation command is transmitted through PDCCH. This would be similar to HARQ-ACK for DL SPS release PDCCH signaling. The latency of DCI signalling with corresponding HARQ-ACK is close to the delay of MAC CE. In addition, considering flexible multiple cells activation and deactivation, a bitmap for multiple cells would be included in the PDCCH signaling which will introduce new DCI format design. And HARQ-ACK codebook generation extensions for the PDCCH signaling for both Type 1 and Type 2 HARQ-ACK codebook are also additional standardization effort. On the contrary, the MAC CE can be transmitted with other MAC SDU for data to form one MAC PDU. Signalling through MAC CE has benefit on reliability, extensibility and impact scope except a little bit more latency. It has better flexibility and extensibility. Then the benefit of PDCCH signaling will be small.
For a known cell with SCell measurement cycle less than 160 ms, the maximum total activation delay would be THARQ + Tactivation_time + TCSI_Reporting = K1 + TSMTC_SCell + 5ms+ uncertainty in acquiring the first available downlink CSI reference resource+Z+ uncertainty in acquiring the first available CSI reporting resources=1ms + 20ms +5ms+4ms=30ms.  The benefit of L1 activation command would be about 1~2 ms only 3.3%~6.7% of the total delay. For the case of SCell measurement cycle larger than 160 ms or unknown cell, the gain will be even smaller.
Observation 2: SCell activation signaling through PDCCH does not seem to provide obvious benefit on latency if HARQ-ACK for the signalling is needed for SCell activation command. 
Observation 3: Additional new DCI format design and HARQ-ACK codebook extension specification effort would be needed for L1 based SCell activation command. 
CSI enhancements for low latency SCell activation
In the current CSI framework, periodic CSI-RS (P-CSI), semi-persistent CSI-RS (SP-CSI) and aperiodic CSI-RS (A-CSI) resource can be configured. And periodic, semi-persistent and aperiodic CSI reporting are also can be configured. Except P-CSI and periodic CSI reporting, additional MAC CE activation and dynamic DCI triggering are needed. P-CSI resource and periodic CSI reporting can be applied after SCell is configured. Complex additional activation/triggering processing during SCell activation procedure is not expected for low latency SCell activation. Furthermore, it is difficult for the network to find a proper time to trigger A-CSI resource and reporting for a specific UE since the cell search and frequency/time tracking implementation are variable from UEs. 
Observation 4: Periodic CSI-RS and Periodic CSI reporting are simple process for frequency/time tracking, measurement and reporting. 
Taking LTE as a reference, the SCell activation start delay is 8 subframes and the largest activation processing delay for one normal SCell is 24~34 subframes. The activation processing delay would be about 3 to 4 times compared to the activation start delay. Therefore, the delay of activation processing should be taken more seriously. It is also noted that CRS symbols can be used to AGC setting, downlink frequency/time tracking and CSI measurement for SCell activation procedure in LTE. However, as SS/PBCH block symbols are not distributed over the whole system bandwidth and measured in close time interval as CRS symbols in NR, the measurement samples for AGC estimation and downlink timing reference will be less than LTE. That implies that SCell activation in NR may need more measurements symbols in the time domain to ensure the same accurate power gain estimation and timing accuracy.
In NR, the measurement samples for AGC estimation and downlink timing reference is mainly related to the SS/PBCH block measurement timing configuration (SMTC). Considering the cell-specific overhead, SMTC will probably not be configured with the minimum value. 20ms can be seen as a common configuration. Large period of SMTC will result in high latency cell search and time tracking. It should be noted that CSI-RS can also be used to frequency/time tracking for UE besides CSI measurement. And short period CSI-RS for tracking during SCell activation can help to reduce T_activation_time.
[bookmark: _GoBack]Proposal 1: Short interval periodic CSI-RS resource for frequency/time tracking can be supported for low latency of SCell activation.
Valid CSI report is the last procedure in SCell activation. TCSI_Reporting reflects the latency of this part processing and includes uncertainty in acquiring the first available downlink CSI reference resource, UE processing time for CSI reporting and uncertainty in acquiring the first available CSI reporting resources. Thus the time interval of CSI reference resources and reporting resources would also impact on the SCell activation delay. 
Proposal 2: Short interval periodic CSI-RS reference resource and CSI reporting resources for CSI measurement can be supported for low latency of SCell activation.
SCell activation delay for FR2-SCell
For the scenario that SCell being activated belongs to FR2, if there is no active serving cell on that FR2 band provided that PCell or PSCell is FR1, upon receiving SCell activation command, beam management is needed to find the suitable RX/TX beam for synchronization and CSI measurement because the beam information stored can become invalid. More specifically, downlink synchronization can be performed by receiving the downlink reference signals related to the SS/PBCH block measurement timing configuration (SMTC). Then, the synchronization timing and RX beam are used in DL reference signal reception and valid CSI acquisition. 
In LTE, the periodic downlink reference signal is configured to UE for valid CSI acquisition when SCell added as a candidate serving cell. However, in NR, the supported max number of configured NZP-CSI-RS resources per CC for CSI acquisition depends on UE capability and the candidate value is from 1 to 32. If the maximum number of NZP-CSI-RS resources per CC supported by UE is much smaller than the total number of serving beams of SCell, only partial beam related downlink RS resources can be configured for CSI acquisition. If the TX beams of these resources are outdated due to the mobility or rotation of UE, UE may fail to estimate and report the valid CSI for SCell activation within the specified latency, which leads to the failure of SCell activation.
A possible solution to solve the valid CSI acquisition during SCell activation is to report SSB index that UE used synchronization, then gNB can re-configure the downlink RS for the valid CSI measurement according to the SSB beam UE reported, as shown in Figure 1. Comparing with SCell activation in FR1, the additional procedure of beam management is introduced in NR-FR2, which increases the latency of SCell activation. 


Figure 1 the activation procedure of SCell in FR2

Observation 5: Comparing with SCell activation in FR1, additional time is consumed for BM in NR-FR2, which will increase the latency of SCell activation. 
Considering the multiple panels or multiple beams in the UE side, the RX beam sweeping is needed for SCell activation and the time that UE consumed for beam training is significant. As shown in Figure 2, for example, there has N beams in the UE side, the worst case that  the Nth RX sweeping beam is the suitable beam which means at least N* TSMTC_SCell needed before reporting CSI information. Thus, how to reduce the time consuming of beam management during the SCell activation is important in the low latency of SCell activation.
[image: ]
Figure 2 RX/TX beam training during SCell activation 

Proposal 3: Fast beam training during SCell activation should be considered to enable low latency of SCell activation in FR2.
Efficient SCell management
The discussion above are all related to reduce SCell activation delay directly. If the SCell can be efficiently used in activated status, e.g. lower BWP bandwidth or large interval PDCCH monitoring, SCell activation and deactivation would not be a frequent command in a short time duration. Extreme low BWP switching time is expected for BWP change only with different baseband parameters, e.g. PDCCH monitoring interval. High efficient SCell management can be achieved based on current BWP framework. 
Proposal 4: BWP framework enhancement for efficient SCell management can be supported
Furthermore, high efficient BWP switching management for CA can also be further considered. For some regular services with large data volume or data scheduled regularly by the network, the time occasions of data transmission on different cells are similar. BWP switching from wider bandwidth to narrow default BWP can be trigged in time in these serving cells for power saving especially for inter-band CA or intra-band CA with multiple Rx RF chains. Figure 3 illustrates an example where in serving cell 1 a switching to the default BWP is triggered by DCI. As shown by the blue line in serving cell2, the UE has to wait for per cell configured Bwp-InactivityTimer expiration to switch to the default BWP in cell 2 after a DCI-based BWP switching triggered in cell 1.  It is desirable to have a faster switching to default BWP for power saving purposes in cell 2. Currently DCI-based BWP switching has the limitation the switching command is in data scheduling. 
[image: ]
[bookmark: _Ref4755078]Figure 3 BWP switching in different cells
Simultaneously BWP switching from wider bandwidth BWP to narrow default BWP in different cells may in some cases save power and improve efficiency. As depicted in Figure 4, the default BWPs in different cells can be bundled together. If the BWP in a reference cell changes to the default BWP, the active BWPs in other cells can change to default BWP at the same time. In this way there is no additional delay in switching in any of the cell when switching to the default BWP. The reference cell can be PCell or other specific cell for service reference. The BWP switching point for different cells are aligned as illustrated by the red line in Figure 4.
[image: ]
[bookmark: _Ref4755159]Figure 4 Simultaneous BWP switching to default BWP in different cells
A time misalignment between BWP switching in different cells may impact the efficiency. As illustrated in Figure 5, when the UE is performing BWP switching in one cell (Cell 1), not only transmission/reception during the BWP switching delay in that cell is interrupted for the UE, but there is also the transmission/reception interruption time in the other active serving cell (Cell 2). For example, three slots BWP switching delay and one slot interruption is defined in TS38.133 [2]. If BWP switching in these two cells are triggered sequentially in time, more slots cannot be used for data transmission/reception.
[image: ]
[bookmark: _Ref4755184]Figure 5 BWP switching delay and interruption
[bookmark: OLE_LINK35]Observation 6: Active BWPs in different cells can switch simultaneously to the default BWP in a BWP bundle triggered by the BWP switching signaling of a reference cell in CA.
Cross-carrier triggering PDCCH order
In current spec, PDCCH order can only be transmitted by DCI format 1_0. Cross-carrier PDCCH order transmission is not supported due to no carrier indicator field (CIF) in DCI format 1_0. In LTE, DCI format 1A is used for the random access procedure initiated by a PDCCH order. And CIF is present within DCI format 1A when it is mapped to USS. Therefore cross-carrier triggering PDCCH order can be supported in LTE.
In CA, when serving cells configured for a UE are in multiple TAGs, PDCCH order should be transmitted for SCell in TAG different from PCell. However, before a SCell is activated, PDCCH for the SCell is not monitored for the UE. PDCCH order can only be transmitted after the SCell is activated. The latency of UL timing alignment for the SCell would be increased. If cross-carrier triggering PDCCH order can be supported, PDCCH order for a SCell being activated can be transmitted on PCell to reduce the latency of UL timing alignment for the SCell.
If the UE is configured with the CIF for a given serving cell, the UE can use the CIF value from the detected "PDCCH order" to determine the serving cell for the corresponding random access preamble transmission.”
To enable PDCCH order for a different cell, CIF in DCI format for downlink scheduling is needed. To solve this issue, the following two options can be considered:
Option 1: When DCI format 1_0 is mapping to UE-specific search space, CIF can be included to support cross-carrier triggering PDCCH order.
Option 2: To support cross-carrier triggering PDCCH order by DCI format 1_1.
To align with the common understanding that the fields in fallback DCI scrambled with same RNTI, e.g. C-RNTI, are exactly the same between CSS and USS, Option 2 is preferred. Then the following proposal is given:
Proposal 5: Cross-carrier triggering PDCCH order by DCI format 1_1 should be supported.
Conclusion
According to the above discussions, we have the following observations and proposals:
Observation 1: TSMTC_SCell  is the main component of T_activation_time defined in RAN4 .
Observation 2: SCell activation signaling through PDCCH does not seem to provide obvious benefit on latency if HARQ-ACK for the signalling is needed for SCell activation command. 
Observation 3: Additional new DCI format design and HARQ-ACK codebook extension specification effort would be needed for L1 based SCell activation command. 
Observation 4: Periodic CSI-RS and Periodic CSI reporting are simple process for frequency/time tracking, measurement and reporting. 
Observation 5: Comparing with SCell activation in FR1, additional time is consumed for BM in NR-FR2, which will increase the latency of SCell activation. 
Observation 6: Active BWPs in different cells can switch simultaneously to the default BWP in a BWP bundle triggered by the BWP switching signaling of a reference cell in CA.
Proposal 1: Short interval periodic CSI-RS resource for frequency/time tracking can be supported for low latency of SCell activation.
Proposal 2: Short interval periodic CSI-RS reference resource and CSI reporting resources for CSI measurement can be supported for low latency of SCell activation.
Proposal 3: Fast beam training during SCell activation should be considered to enable low latency of SCell activation in FR2.
Proposal 4: BWP framework enhancement for efficient SCell management can be supported
Proposal 5: Cross-carrier triggering PDCCH order by DCI format 1_1 should be supported.
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