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1 Introduction
In previous RAN1 meetings, the following agreements were achieved with respect to support of carrier aggregation (CA) in NR. 
	Agreements:
· Study at least the following aspects for NR carrier aggregation / dual connectivity

· Intra-TRP and inter-TRP with ideal and non-ideal backhaul scenarios

· Number of carriers

· The need for certain channels, e.g. downlink control channel, uplink control channel or PBCH for some carriers

· Cross-carrier scheduling and joint UCI feedback, e.g. HARQ-ACK feedback

· TB mapping, i.e., per carrier or across carriers

· Carrier on/off switching mechanism

· Power control

· Different numerologies between different/same carrier(s) for a given UE

· FFS: whether/if different numerologies are multiplexed on one carrier for one UE is called carrier aggregation / dual connectivity

Agreements:
· For phase 1, carrier aggregation/dual connectivity operation within NR carriers over e.g. around 1GHz contiguous and non- contiguous spectrum from both NW and UE perspectives is supported
· [4 - 32] should be assumed for further study of the maximum number of NR carriers

· RAN1 will try to decide the exact number in this week

· Cross-carrier scheduling and joint UCI feedback are supported
· Per-carrier TB mapping is supported
· FFS TB mapping across multiple carriers
Agreements:
· From RAN1 specification perspective, maximum channel bandwidth per NR carrier is 400 MHz in Rel-15

· Note:  final decision on the value  is up to RAN4

· From RAN1 specification perspective, at least for single numerology case, candidates of the maximum number of subcarriers per NR carrier is 3300 or 6600  in Rel-15

· FFS: For mixed numerology case, the above applies to the lowest subcarrier spacing

· Note: final value for a given channel BW is up to RAN4 decision
· From RAN1 specification perspective, the maximum number of NR carriers for CA and DC is 16

· Note that 32 is considered from RAN2 specification perspective

· The number of NR CCs in any aggregation is independently configured for downlink and uplink 

· NR channel designs should consider potential future extension of the above parameters in later releases, allowing Rel-15 UE to have access to NR network on the same frequency band in later releases



In RAN2#97bis, RAN2 has agreed CA baseline in R2-1703826 [1] as NR CA baseline last meeting. In this contribution, to make progress, further the details of NR CA baseline are discussed including the issues of cell identity, Radio Link Monitoring and SPS configurations for NR CA.
2 Discussion 
LTE CA is used as the baseline for NR CA as starting point [1]. Possible changes to accommodate NR need to be discussed, for instance, the maximum number of CCs from RAN2 specification perspective, cell identity, Radio Link Monitoring (RLM) and SPS configurations for NR CA.
2.1 Maximum number of CCs for NR CA
Even though NR considers the wider bandwidth spectrum operation over e.g. around 1GHz contiguous spectrum from both NW and UE perspectives, RAN1 agreed the maximum single carrier bandwidth of at least 80 MHz and thus the maximum number of NR carriers for CA is 16. RAN1 also noted in their agreement that 32 is considered from RAN2 specification perspective.
In legacy LTE, Carrier Aggregation was introduced in 3GPP Release 10 up to 5 component carriers. The maximum number of CCs is extended to 32 to apply the carrier aggregation enhancements beyond 5 CCs in 3GPP Release 13. Correspondingly, the new MAC CE format was added in 36.321 [2] to support the larger maximum number of CC. In the section of 6.1.3.8 Activation/Deactivation MAC Control Elements [2], the format of Activation/Deactivation MAC control element is extended from one octet to four octets. Furthermore, in 6.1.3.6a Extended Power Headroom Report MAC Control Elements [2], new PHR MAC Control Element is added for supporting 32 serving cells with configured uplink.
Therefore, as aspect of the maximum number of CCs. LTE CA can be baseline for NR CA. And the corresponding MAC CE format such as Activation/Deactivation and PHR supporting 32 serving cells can be reused. 
Observation 1: The MAC CE format of LTE CA can be baseline for NR CA including Activation/Deactivation and PHR supporting 32 serving cells.
In legacy LTE, the massive carrier aggregation in Rel-13 was proposed to enhance CA to up to 32 component carriers (CCs) [3]. The initial scope of massive carrier aggregation was including necessary mechanisms to enable the LTE carrier aggregation of up to 32 component carriers for the DL and UL. However, it was mainly focused on the UL SRS transmission switching over component carriers. The remaining issues including fast carrier switch has studied in Enhancing CA Utilization (WI) [3] targeting reduced delays in Scell set-up, including shorter Scell configuration and activation. 
NR aims to support and multiplex multiple services within one system for instance URLLC and eMBB (optionally mMTC). The radios resource can be dynamically allocated and multiplexed with URLLC and eMBB within one single wideband or multiple component carriers. If each service applies for multiple component carriers dynamically, the fast carrier switch operation can be essential for dynamic multiplexing between multiple services of NR.
Proposal 1: RAN2 should designs control signaling with the assumption that the maximum number of NR carriers for CA and DC is 32. 
2.2 Radio Link Monitoring for NR CA
In early version of LTE CA (Release 8-11), RLM is applied only to PCell, PCell radio link monitoring is to determine whether the PCell radio link should be considered as failed (i.e. radio link is worse than Qout for time period determined by N310). If so, UE performs two actions; 1) stopping autonomous uplink transmission by releasing SPS, CQI, SRS, SR and 2) starting cell selection procedure to find a cell providing acceptable radio link.
In the LTE Release 8-11, PUCCH has always been sent on the Pcell. However, in the case of Dual Connectivity (Release 12) the functions of PCell in MeNB need to be moved to Primary Scell (PSCell) in SeNB because of delays in the backhaul between MeNB and SeNB. PUCCH related to SCG transmissions is sent on PScell. As the role of PScell is similar with that of the PCell, the UE also does RLM for the PSCell to avoid causing excess UL interference or unable to be served by the SeNB. The detection of a Radio Link Failure on the PSCell is Secondary Radio Link Failure (S-RLF). If NR PUCCH is carried on PCell of MCG and PScell of SCG only, as LTE RLM is applied only to PCell and PSCell, NR RLM seems applicable only to PCell and PSCell as well.
Proposal 3: Radio Link Monitoring is applied only to PCell and PSCell when NR CA is configured.
2.3 Scheduler assumptions for NR CA
In LTE CA, downlink and uplink scheduler assume that UE has same C-RNTI over multiple serving cells and SPS can be configured for PCell.
Same C-RNTI for activated CCs in NR CA

In LTE, a CA UE is identified with a single C-RNTI over multiple serving cells as described in 36.300 (Section 11.1.1) [4].  

“When CA is configured, the same C-RNTI applies to all serving cells” for both downlink and uplink scheduling
It should be decided whether we apply the same principle to NR CA. The need for additional C-RNTI for CA UE would depend on the possible/average number of UEs in a single cell. In the other words, if there is the larger number of UEs within a cell, gNB would be difficult to allocate the same C-RNTI for a UE in multiple serving cells. At least for 3GPP Release 15 where mMTC is not deprioritized to next phase, the number of NR UEs in a given geographical area may not be very different from that of LTE UEs.
Observation 2: In NR networks, at least for the release 15, it is anticipated that the number of NR UEs in a given geographical area may not be very different from that of LTE UEs.
Proposal 2: The same C-RNTI can be applied to all NR serving cells when NR CA is configured.
Therefore, the C-RNTI MAC Control Element in LTE can be reused for NR as aspect of format and length which has a fixed 16 bits size and consists of a single field with C-RNTI of the MAC entity.   
SPS configurations for NR CA

In LTE, SPS is allowed only in PCell as the description in 36.300 (Section 11.1.1) [4]
“When CA is configured, semi-persistent downlink resources can only be configured for the PCell and only PDCCH allocations for the PCell can override the semi-persistent allocation”. 
The reason behind this is to minimize UE complexity. This principle makes sense in early LTE where VoIP is the only target application of SPS. Another principle to achieve simplification is to allow only a single SPS for a CA UE. The second principle may actually simplify UE implementation but the first principle does not bring any functional difference. 
However, in NR Phase-I simultaneous support is guaranteed for eMBB and URLLC. Based on recent RAN2 discussions it is reasonable to assume that URLLC and eMBB can be deployed using different numerologies. In NR, it would be quite likely that multiple services could benefit from SPS support. For instance, URLLC may use frequent SPS resources to reduce the user plane latency; eMBB may require SPS support for HD video streaming and VoIP, while mMTC may use SPS for periodical reporting of various events. Therefore, there are some benefits in examining support of SPS for different services [5]. Beside the SPS period, the number of required component carriers can be varied according to the service. For instance, eMBB may require more number of component carriers than URLLC and mMTC. Thus the SPS configurations for eMBB may need to extend more than PCell to support higher data rate.
Proposal 4: RAN2 should further discuss whether SPS is allowed only in PCell or not when NR CA is configured.
3 Conclusion

Based on the above observations and conclusions, RAN2 is requested to discuss and if possible agree on the following proposal:

Proposal 1: RAN2 designs signaling with the assumption that the maximum number of NR carriers for CA and DC is 32.
Proposal 2: The same C-RNTI can be applied to all NR serving cells when NR CA is configured. 
Proposal 3: Radio Link Monitoring is applied only to PCell and PSCell when NR CA is configured.
Proposal 4: RAN2 should further discuss whether SPS is allowed only in PCell or not when NR CA is configured.
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