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Discussion and Decision
1      Introduction

In RAN2#94 meeting, intra-NR aggregation was discussed and following was agreed.
1 Aggregation of NR carriers is to be studied

2 As in LTE, NR shall study lower layer aggregation (e.g. CA-like) and upper layer aggregation (e.g. DC-like) 

In RAN2#95 meeting, following was agreed regarding NR carrier aggregation.
Agreement


From RAN2 point of view, aggregation of carriers with different numerologies should be supported in NR. (Modelling aspects such as whether it is a single or multiple MAC entity is FFS)

In this contribution, we further investigate aggregation within NR.

2      Discussion
2.1     QoS support

In LTE, aggregation of low and high frequency bands is a typical aggregation scenario. For example, in CA scenario 4 and DC deployments, UE aggregate resources from carriers with wide coverage (in low frequency band) and carriers with small coverage but high capacity (in LTE “high” frequency band). Such aggregation has the benefit of using low frequency band carrier(s) to anchor the control plane for reliable mobility performance, and high frequency band carrier(s) to boost the user plane throughput (with potential help from anchor carriers for throughput boosting as well). 

For NR, it is envisioned that such deployment might be more popular, since the channel bandwidth might be much larger in high frequency band. The other aspect is the blockage issue, which has been identified as one distinct feature for above 6 GHz frequency which does not exist in the low band 3GPP 3D channel model [1]. As carrier frequency increases, it is easier for the radio signal to be blocked by small objects. Considering the blockage issue in high band, aggregation of low and high frequency bands is a good solution to utilize the resource in high frequency band while maintaining reliable mobility performance thanks to the mobility anchoring in low band.
In the discussion of LTE LAA, due to the different radio conditions on unlicensed carriers compared with that of licensed carriers, QoS support was extensively discussed. In DL, QoS handling is up to eNB implementation. In UL, RAN2 agreed to apply routing restriction per logical channel, and logical channel configuration indicates whether traffic for a logical channel can be transmitted in LAA SCells, i.e., configuration is not per serving cell.
For intra-NR aggregation, there might be similar problems as LTE LAA due to the aggregation of low frequency band and high frequency bands with blockage issue. Difference of radio condition in low and high frequencies has impact on QoS support, similar to the LAA discussion on licensed vs. unlicensed spectrum.

At current stage of study item, it might be too early to investigate solutions to efficiently support QoS considering different radio conditions on carriers. However, it might be possible to consider the routing restriction rule for NR as well. Further study might be needed on the granularity of such restriction, i.e. whether configuration is per frequency band, or per serving cell.
Observation 1: Routing restrictions of bearers to carriers can be beneficial to handle different radio conditions on NR carriers.
2.2     Aggregation of carriers with different numerologies
As discussed in previous section, aggregation of low and high frequency bands are a typical deployment scenario in NR. If different subcarrier spacings are used in different bands, different subframe durations are used (RAN1 has agreed that Subframe duration in ms for a reference numerology with subcarrier spacing (2m*15)kHz is exactly 1/2m ms). Given the RAN2 agreement to support aggregation of carriers with different numerologies, it is natural that aggregation of carriers with different TTIs should be supported as well. However, as there is no final agreement regarding TTI lengths to be used in NR (it is possible that TTI length does not equal to subframe duration), such observation is pending further decision of TTI length in RAN1. Another aspect to note is that carriers in both low and high frequency can be used for the same vertical, e.g. eMBB.
Given that it is possible to aggregate carriers with different TTI lengths, the next question is whether it is possible for one bearer to be mapped to carriers with different TTI lengths. One main aspect is the impact on RLC reordering timer. In LTE, RLC reordering timer is configured based on the number of HARQ retransmissions allowed. HARQ RTT depends on the TTI length. Naturally RLC reordering timer configured for shorter TTI is shorter compared with that configured for longer TTI, assuming same number of HARQ retransmissions. One question then is how to configure RLC reordering timer when aggregating carriers with different TTI lengths? The shorter RLC reordering timer might not allow sufficient number of HARQ retransmissions for carriers with longer TTI, while longer RLC reordering timer might not meet the QoS requirement. It seems that the routing restriction principle discussed in previous section is applicable here. Basically RLC reordering timer should be set to satisfy both the QoS requirement on latency, and the requirement for number of HARQ retransmissions. If such RLC reordering timer cannot be satisfied, then the combination of a shorter RLC reordering timer and routing restriction can be used together. Note that in this case, the numerology with shorter TTI might be favored with the routing restriction rule. Therefore we may need a general routing restriction rule.
Observation 2: Routing restrictions of bearers to carriers can be beneficial to handle carrier aggregation of different TTI lengths.
In summary of Observation 1 and Observation 2, it is proposed:

Proposal 1: The network can configure routing restrictions of bearers to carriers.
In case of DC split bearer (option 3C), there is a similar problem regarding the setting of PDCP reordering timer. However, in case of LTE DC, UL data can be restricted to one CG with per bearer configure. Therefore current LTE DC mechanism can already handle this issue. 
2.3     Security
Currently in LTE, PCell provides security input, i.e. in TS 33.401 [8] section 7.2.2, PCI and EARFCN-DL is used to derive security key KeNB. As a result, for intra-eNB handover, security key should be changed (section 7.2.8.4.1 in [8]), which may cause service interruption. Intra-eNB handover procedure is mainly used for load balancing purposes or to handle radio condition changes. There were extensive discussion on PCell change without handover during Rel-10 CA (e.g. [2-6]), and the final conclusion was “Will not introduce this in Rel-10; Can be reconsidered for Rel-11 or later” [7], which mean Rel-8 handover is used without optimization (skipping RACH or refresh KeNB). One of the reason is that companies thought intra-eNB handover might not happen frequently, and another reason is that interruption time was not an important factor to consider at that time. Given that it is desirable to minimize interruption during mobility, it is desirable to avoid security key change during intra-eNB handover. One simple approach is that for intra-eNB handover, both UE and network can continue to use previous security key. 
Another scenario is DC SCG bearer (option 1A). Currently in LTE, whenever there is SCG Change when SCG bearer is configured, security key is changed, as specified for the field description of IE scg-Counter in TS 36.331, as copied below:

	scg-Counter

A counter used upon initial configuration of SCG security as well as upon refresh of S-KeNB. E-UTRAN includes the field upon SCG change when one or more SCG DRBs are configured. Otherwise E-UTRAN does not include the field.


It is also beneficial to avoid security key change for DC scenario as long as security context in the network is not changed. In general, for any mobility event (e.g. handover and SCG Change in DC), it is preferable that security key change is not needed when security key context in the network is not changed. Whether there is issue with this approach should be discussed with SA3.
Proposal 2: Security key change is not performed at every mobility events (e.g. handover and SCG change). The RAN explicitly indicates to the UE when a security key change is to be performed. Whether there is security issue can be checked with SA3.
3      Conclusion

In this contribution, we investigate aggregation within NR. We have following observations:

Observation 1: Routing restrictions of bearers to carriers can be beneficial to handle different radio conditions on NR carriers.
Observation 2: Routing restrictions of bearers to carriers can be beneficial to handle carrier aggregation of different TTI lengths.
We propose the following:

Proposal 1: The network can configure routing restrictions of bearers to carriers.
Proposal 2: Security key change is not performed at every mobility events (e.g. handover and SCG change). The RAN explicitly indicates to the UE when a security key change is to be performed. Whether there is security issue can be checked with SA3.
References
[1] R1-161623, Intel et al, “Blockage modeling in drop based model”
[2] R2-101504, Samsung, “Discussion on special cell change”
[3] R2-102061, CATT, “PCC Change”
[4] R2-102498, NTT DoCoMo, “CC management and measurements in CA”
[5] R2-104628, ZTE, “On Pcell change by RRC reconfiguration”
[6] R2-104788, Alcatel-Lucent et al, “PCell Change using Reconfiguration procedure”
[7] R2-106031, ETSI MCC, “Report of 3GPP TSG RAN WG2 meeting #71, Madrid, Spain, August 23 - 27, 2010”
[8] 3GPP TS 33.401, “3GPP System Architecture Evolution; Security architecture”
2

