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Introduction
RAN1#88 meeting [1] made the following agreement about synchronization information indication:
	Agreement:
· For CONNECTED and IDLE mode UEs, NR should support network indication of SS burst set periodicity and information to derive measurement timing/duration (e.g., time window for NR-SS detection)
· Network provides one SS burst set periodicity information per frequency carrier to UE and information to derive measurement timing/duration if possible
· In case that one SS burst set periodicity and one information regarding timing/duration are indicated, UE assumes the periodicity and timing/duration for all cells on the same carrier
· RAN1 recommends shorter measurement duration than configured periodicity e.g., 1, 5 or 10 ms
· Note that L1/L3 filtering across multiple periods is still allowed
· FFS more than one periodicity/timing/duration indication 
· If the network does not provide indication of SS burst set periodicity and information to derive measurement timing/duration the UE should assume 5 ms as the SS burst set periodicity
· NR should support set of SS burst set periodicity values for adaptation and network indication
· Candidate periodicity values to be evaluated are [5, 10, 20, 40, 80 and 160 ms]  




Then, RAN1#AH1_NR [2] meeting made the following further related agreements:
	Agreement:
· An indication related to the synchronization information is provided to the UE
· When there is the indication for a carrier, UE can utilize serving cell timing to derive the index of SS block transmitted by neighbour cell (e.g., radio frame or SFN or symbol level synchronization)
· Note that it is up to RAN2 how to provide this indication
· Note that it is up to RAN4 about the feasibility of synchronization and its requirement



And RAN1#AH3_NR [3] meeting made the following further related agreements:
	Agreement:
· UE-specific RRC signaling with full bitmap can be used for indicating the actually transmitted SS blocks for both sub6GHz and over6GHz cases
· The actually transmitted SS blocks is indicated in RMSI for both sub6GHz and over6GHz cases
· Indication is in compressed form in above 6 GHz case
· Indicated resources are reserved for actually transmitted SS blocks
· Data channels are rate matched around actually transmitted SS blocks



In this contribution, based on the previous agreements, we further discuss the usage and benefit of timing information of SS blocks indicated by network to UE upon CA/DC scenario and relative propoals are provided.
Discussion
Latency problem during CA/DC
It is known beam alignment by measuring all the SS blocks and perform RA procedure will induce some latency and power consumption which may not fulfill some service requirement. In LTE CA, UE is able to transmit valid CSI report no later than subframe n+24 (or n+34) [4], which implies overall CA activation latency is up to 24ms (or 34ms) and we can infer that there will be more latency in NR CA. Moreover, as depicted in Figure 1, when the MeNB (e.g. LTE eNB) decides to start DC transmission, UE would perform random access procedure to establish the connection to the PScell of SeNB (e.g. NR gNB) according to the signaling from the PScell, e.g., reconfiguration for SeNB  addition. The UE may perform the RA procedure by using the RACH resources indicated in SCG-configuration signaling. However, the beam implicitly indicated by the RACH resource may not be suitable for UE because the beam information is out-of-date. Even though UE was configured to perform inter frequency measurement before SeNB addition (or Scell activation), the beam information may not be up-to-date, hence UE still needs to monitor all possible beams to find a qualified beam which result in long activation/addition latency for DC (or CA) respectively. Thus, to be capable to transmit and receive in the PScell with less latency, UE would need to perform beam alignment procedure by measuring SS blocks with assistance from MeNB
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Figure 1, SeNB addition procedure

Observation 1: Beam management result in long activation/addition latency for DC/CA.
Beam information indication for CA/DC 
In RAN2#98AH [5], the NR measurement model in Figure2 was agreed: 
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Figure 2, NR RRM measurement model 

UE will perform L3 filtering of cell level quantity and of the ‘K’ beam level quantity from the triggered cell and the “K” beam measurements could be included in measurement reports, in addition to cell level measurements. It is noted that RAN1 has agreed SS block based RRM can be used for RRC IDLE state, and both CSI-RS and SS block based RRM can be used for RRC CONNECTED state. Therefore, the beam information contained in measurement report can be SS block index or CSI-RS resource index. Upon receiving the measurement report, gNB can know which DL TX beams is qualified for UE. Afterwards, gNB can utilize this DL TX beam information to recommend a set of RSs associated to DL TX beam during Scell activation/SeNB addition. As shown in Figure 3, UE performs measurement and sends the measurement report to MeNB, and MeNB could provide recommended SS blocks (e.g., SS block #1) in SCG-configuration signaling in order to speed up the beam alignment toward PScell. With the beam information provided by MeNB, UE only needs to monitor indicated SS block instead of all the SS blocks.
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Figure 3, SS block indication during Scell activation/SeNB addition 
 
It is proposed that network can further utilize the beam information during Scell activation and SeNB addition. If UE has sent beam level measurement report of Scells to eNB/gNB, eNB/gNB can inform UE additional Scell beam information in Scell configuration message. The beam information can be SS block indexes, SS block actual transmitted bitmap, CSI RS resource indexes, or antenna port information to inform the qualified beam of Scell based on beam level measurement reports More specifically. In CA case, when serving Pcell sends Scell activation MAC-CE for Scell activation, UE will reply an ACK to serving Pcell and then try to monitor scheduling information in Scell. With indicated beam information during Scell configuration, UE can utilize the beam information to reduce the latency and power consumption by only monitoring specific beam in Scell. In DC case, MeNB can indicate beam information to UE in SCG-configuration signaling. After receiving SeNB addition message, UE has to perform RA procedure toward PScell of SeNB. Since RA procedure also requires UE to monitor SS blocks, UE can further reduce latency and power consumption. Alternatively, without the indicated beam information, the UE has to monitor all the SS blocks to find a qualified beam before sending MSG1. If there is no SS block actual transmitted bitmap contained in SCG-configuration signaling, UE will monitor all the possible location of transmitted SS blocks to find the qualified beam for RACH procedure. It is noted that if UE cannot synchronize with Scell successfully followed by the indicated beam information, UE can choose to monitor all the beams transmitted in Scell to find the qualified beam.
Proposal 1: NR supports that serving Pcell indicates beam information during Scell configuration and SeNB addition, and UE is required to synchronize those candidates beams based on the indication. 
Proposal 2: The indicated beam information includes SS block indexes, SS block actual transmission bitmap, CSI RS resources indexes which are derived from UE’s beam level measurement reporting.
Beam information indication via MAC-CE signalling
The measured beam information of Scell when UE reports to serving Pcell may be out-of-date. Instead of using RRC message, during CA scenario, it’s suggested that serving Pcell can use MAC-CE to signaling beam information to UE via a new MAC CE. During Scell configuration, the serving cell could provide detailed beam information which includes SS block actual transmitted bitmap or all the Scell-transmitted CSI RS resource indexes. Afterwards, serving Pcell can indicate specific beam indication (e.g., parts of SS block indexes or parts of CSI RS resource index) contained in an MAC-CE. The MAC-CE will indicate specific RS indexes with binary operation other than detail RS bitmap in RRC signaling. However, due to at most 64 SS blocks contained in SS block actual transmitted bitmap, but UE may be activated several Scells by one Scell activation MAC-CE, a beam group which represents a set of indicated beams is used to save MAC-CE signaling overhead. For example, using 8 bits to represent all the 64 bits of SS block actual transmitted bitmap wherein each bit stands for a beam set in a Scell, i.e., 0 means from SS block #0 to #7. To reduce the latency of Scell activation, UE will only monitor the intersection of SS block actual transmitted bitmap in RRC signaling and the indicated beam set in MAC-CE.
Proposal 3: For Scell activation, NR supports the relative beam information is indicated by serving Pcell via a new MAC CE.
Moreover, the acknowledgment for Scell activation MAC-CE may depend on not only whether UE successfully decoded the Scell activation MAC-CE but also whether the Scell beam quality is above an appropriate threshold for data transmission/reception. As shown in Figure 4, for instance, if the indicated beam information from serving Pcell is SS block #61, SS block #62 and SS block #63 and then UE is required to measure those candidates after receiving Scell activation MAC-CE. If one of these three SS blocks is above the defined threshold, UE will send ACK to reply Scell activation MAC-CE to the serving Pcell. On the other hand, if all three SS blocks are below the threshold before n+8, UE will send NACK even though that UE successfully decodes Scell activation MAC-CE [6]. It is noted that if there are no indicated beam information, UE may decide whether to reply ACK or NACK depending on Scell quality measured after UE receives Scell activation MAC-CE.
Proposal 4: It is suggested that a threshold could be configured during Scell configuration and UE will reply ACK when the indicated beam quality across the threshold after receiving the Scell activation MAC CE.
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Figure 4, Scell activation with beam level quality consideration

The serving Pcell may request UE to perform one-shot Scell measurement immediately to avoid out-of-date problem (i.e., make such request before sending Scell activation MAC CE). To enable that, an explicit indication (i.e., via MAC-CE) could be given by the serving Pcell and UE will report the measurement results through a configured PUCCH or PUSCH in Pcell.
Proposal 5: Before activating Scell, NR supports the serving Pcell requests UE to perform one-shot Scell beam measurement and reporting to facilitate the beam information indication. 
Conclusion
This contribution addresses latency issues upon CA/DC when considering beam operation. Following observations and proposals are provided:
Observation 1: Beam management result in long activation/addition latency for CA/DC.
Proposal 1: NR supports that serving Pcell indicates beam information during Scell configuration and SeNB addition, and UE is required to synchronize those candidates beams based on the indication. 
Proposal 2: The indicated beam information includes SS block indexes, SS block actual transmission bitmap, CSI RS resources indexes which are derived from UE’s beam level measurement reporting.
Proposal 3: For Scell activation, NR supports the relative beam information is indicated by serving Pcell via a new MAC CE.
Proposal 4: It is suggested that a threshold could be configured during Scell configuration and UE will only reply ACK when the indicated beam quality across the threshold after receiving the Scell activation MAC CE.
Proposal 5: Before activating Scell, NR supports the serving Pcell requests UE to perform one-shot Scell beam measurement and reporting to facilitate the beam information indication.
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