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Introduction 
This contribution collects companies’ views on deployment scenarios for NR unlicensed (NR-U)operation. As it was reported to TSG RAN, an informal workshop on NR in unlicensed spectrum was held in San Diego, USA, during October 3-4, 2017 [1]. It was suggested and decided amongst the attending companies to have unofficial email discussions on three agenda items, namely, deployment scenarios, spectrum, and simulation methodology. 

The NR Unlicensed Study Item Description [2] lists the following architectural scenarios:
·  An NR-based LAA cell(s) connects with an LTE or NR anchor cell operating in licensed spectrum
· The study assumes the techniques for linking between Pcell (LTE or NR licensed CC) and Scell (NR unlicensed CCs) according to the NR WI
· An NR-based cell operating standalone in unlicensed spectrum, connected to a 5G-CN network with priority on frequency bands above 6GHz, e.g., for private network deployments; 
Based on the above, the following deployment scenarios can be identified:
· Carrier aggregation between licensed band NR (PCell) and NR-U (SCell)
· NR-U SCell may have both DL and UL, or DL-only.
· [bookmark: _Hlk500847837]Dual connectivity between licensed band NR (PCell) and NR-U (PSCell)
· [bookmark: _Hlk500847868]Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell)
· Stand-alone NR-U

In this document, companies views on deployment scenarios are summarized, including the use cases supported, as well as applicable spectrum.
This document is a report on the email discussion on the deployment scenarios, which was initiated during the second week of December, 2017 until the first week of February, 2018. 
Deployment scenarios for NR-Unlicensed
Carrier aggregation between licensed band NR (PCell) and NR-U (SCell)
This deployment scenario is similar to Licensed Assisted Access (LAA), standardized for LTE in Releases 13 – 15. UL control information can be conveyed over the PCell on a licensed carrier. The table below presents companies views on the importance, use cases and other aspects related to this scenario.

	Company
	Views

	Nokia, Nokia Shanghai Bell
	This is a basic scenario, providing support for especially MBB data offloading for operators with licensed NR spectrum. Naturally, there could be multiple cells aggregated on both licensed and unlicensed band(s). The option of DL-only CA can be attractive from device complexity point of view. Relying on PCell for e.g. UL control information transmission can help in ensuring low latency even in the presence of other nodes on unlicensed spectrum. UL CA (similar to eLAA) allows for offloading also UL data, providing further benefits.
When both the licensed carrier PCell and the NR-U SCells share the same PUCCH, aggregation and HARQ-ACK multiplexing with different numerologies might become necessary. Alternatively, if a separate PUCCH group is defined for NR-U cells, this scenario becomes from L1 point of view quite similar to dual-connectivity. 
A carrier aggregation scenario between licensed band LTE (PCell) and NR-U (SCell) is not considered as practical due to significantly different processing timelines for LTE and NR.

	Sony
	We think this is a reasonable scenario for NR licensed + NR unlicensed operation, and could be considered both with DL only CA or as an option with DL+UL CA. 

	Qualcomm
	Carrier aggregation between licensed NR cell and unlicensed NR cell allows offloading of both DL and UL data on the unlicensed carrier while maintaining reliability and low latency through the licensed carrier. Availability of the anchor carrier allows trading the offload capacity for more reliability and offers design choices that are not available in a standalone carrier. For example, it allows more efficient use of the unlicensed spectrum due to ability to synchronize and coordinate with other nodes. Transmitting control signals on the anchor carrier simplifies the design. LTE already supports this scenario (LAA/eLAA).  Those design principles can also be reused for NR unlicensed which should reduce the overall system development effort. Therefore, our view is that NR unlicensed should support this scenario. We do see value in supporting both DL CA only (such as in LAA) and DL+UL CA (such as in eLAA).
Some spectrum combinations that can be targeted for this scenario include a) licensed on sub 6 GHz and unlicensed on 5GHz/6GHz b) licensed on sub 6 GHz and unlicensed in 37GHz/60GHz.

	Ericsson
	As pointed out by Nokia, this is an important basic scenario. This scenario is similar to the LTE LAA scheme and similar design principle can be reused. The NR-U SCell can be configured for DL LAA operations and/or UL LAA operations. The only difference with legacy LTE LAA schemes, may be the support of some L1 control signaling, e.g. PUCCH in the NR-U SCells. In the carrier aggregation case, the usage of PUCCH on NR-U SCells may be justified for offloading control signaling from the PCell. 
Since L1 control signaling needs to be supported at least for NR-U standalone operations, it seems natural to extend the possible usage of PUCCH also to NR-U SCells in the carrier aggregation case. We also see this scenario as an important building block for Scenarios 2.2-2.4, where carrier aggregation can be done between the NR-U PSCell and other NR-U SCells.

	vivo
	NR licensed band and NR unlicensed band carrier aggregation is the fundamental deployment scenario for NR LAA. Both DL and UL CA should be supported. 

	LG Electronics
	We also agree that this is a basic deployment scenario for NR-U. As well specified in LTE LAA/eLAA, L1 control signaling can rely on licensed anchor cell and UL data in addition to DL data can be offloaded to unlicensed cells.

	Lenovo, Motorola Mobility
	We think this is a fundamental scenario for which we can benefit from the corresponding LTE WIs. From the functionality perspective, we think that both DL & UL usage of the NR-U carrier should be supported.

	ZTE, Sanchips
	In our perspective, we consider carrier aggregation between licensed band NR and NR-U to be a vital deployment scenario, which is similar to LAA, standardized for LTE in Releases 13 – 15 and should give priority to this deployment scenario. We also think that both DL and UL CA should be supported. 

	AT&T
	We consider this an essential scenario with both DL as well UL CA support

	Huawei, HiSilicon
	It is the basic scenario NR-U should support. The agreement of NR CA and LTE LAA can be taken as reference and start point.

	InterDigital
	We believe carrier aggregation enables a more powerful NR technology and adds to the reasons to a convincing deployment change from LTE to NR. We believe both DL and UL carrier aggregation should be considered during the SI and to prioritize DL carrier aggregation for the initial WI.

	Intel
	Similar to LTE LAA, this scenario is the simplest approach for the network operator to improve network capacity in ideal backhaul deployment and should be considered to be a fundamental scenario to support. From higher layer point of view, the CA framework for licensed SCells can be reused for unlicensed SCell. As on whether unlicensed SCells can have a separate PUCCH group from the PUCCH group of the PCell depends on whether PUCCH is defined for unlicensed SCell. The baseline should be similar to LTE LAA.

	Samsung
	Carrier aggregation between licensed band NR and NR-U can be considered as a basic scenario for NR-U. This scenario would make NR-U design simple while providing traffic offload gain and maintaining reliability of control signaling and latency through the licensed NR carrier. Similar to LTE LAA/eLAA, DL only and DL+UL CA can be considered for this scenario.

	Charter Communications, CableLabs, Comcast
	We also agree that this scenario should be supported for NR-U. Both DL & UL CA should be supported. 

	Mediatek
	This is a fundamental and key deployment scenario. Due to its similarity with LAA/eLAA, corresponding design principles could be reused. Both DL and UL CA should be supported.

	DT, TMUS
	This is top priority for deployment on small cells with collocated NR licensed and unlicensed carriers

	Verizon
	This is a fundamental scenario. As noted by others, this scenario represents the logical evolution of LAA/eLAA, in terms of design principles and superior performance and reliability. NR-U Scells should have both DL and UL

	NTT DOCOMO
	This is a fundamental scenario to be supported. Both DL and UL CA should be supported.



Summary of the discussion:
All 18 replies representing 25 companies were supportive of this scenario. Similarly as in LTE/LAA, it was seen as a fundamental scenario for unlicensed band operation. Several companies pointed out the need to support for both DL only as well as DL/UL carrier aggregation. 

Dual connectivity between licensed band NR (PCell) and NR-U (PSCell)
This scenario is from L1 point of view similar to CA in Section 2.1 with both DL and UL supported, except that the UL control signalling is provided also over the unlicensed NR carrier. The table below presents companies views on the importance, use cases and other aspects related to this scenario.

	Company
	Views

	Nokia, Nokia Shanghai Bell
	This scenario allows for (nearly) full offloading of data and control signals to unlicensed carriers, and allows for deployments with non-collocated licensed and unlicensed gNodeBs. Compared to CA scenario (with single PUCCH cell group), support for UL control signaling also on NR-U carriers is required.
Also, this scenario requires support of dual connectivity between NR PCell and NR PSCell (whose support may only be introduced in Rel-15 NR phase 2) with PSCell operating in unlicensed spectrum (with possible implications to dual connectivity procedures such as RLM on PSCell, etc.).

	Sony
	In general we support the scenario however we think that it is better to wait for the progress in 3GPP. Impacts due to e.g. introduction of PUCCH cell group for unlicensed PSCell will be the same for this scenario as well as where the licensed LTE cell is the master.
We should also consider the CN connectivity architecture for both the options i.e. currently in 3GPP, NR PCell connects only to 5GC (no architecture option supported with NR PCell connecting to EPC).

	Qualcomm
	This scenario relaxes the synchronization and tight-coordination requirements of CA making non-co-located deployments much more feasible compared to the CA scenario 2.1. We hence feel this is also an important scenario for NR unlicensed to support. As noted above this does need support of UL control signaling on the unlicensed carrier. 
Some spectrum combinations that can be targeted for this scenario include a) licensed on sub 6 GHz and unlicensed on 5GHz/6GHz b) licensed on sub 6 GHz and unlicensed in 37GHz/60GHz.

	Ericsson
	As highlighted by Nokia, this scenario needs to be taken into account to address deployment of non-collocated licensed and unlicensed gNBs. In this scenario, Rel.15 NR PDCP can be configured to handle MCG (Master Cell Group) bearers and split bearers towards the NR-U SgNB. SCG (Secondary Cell Group) bearers may also be configured in the SgNB. 
However, we also share Nokia/Sony´s view that dual connectivity with only-NR cells is not supported yet, and it would be preferred to wait progress on that first.

	vivo
	Dual connectivity regarding NR licensed PCell and NR unlicensed PScell should be supported, especially when the MgNB and the SgNB are connected with non-ideal backhaul.

	LG Electronics
	This scenario would be beneficial to support non-ideal backhaul and non-collocated case between licensed (macro) gNB and unlicensed (pico) gNB. However, as Nokia/Sony/Ericsson pointed out, considering the situation that NR-NR DC discussion will start from 2018Q2, we may need to discuss this scenario after stabilizing NR-NR DC first.

	Lenovo, Motorola Mobility
	We consider this scenario as an important deployment option. However, like other views already expressed, this scenario is not necessarily part of an initial work item.

	ZTE, Sanchips
	In our perspective, we consider dual connectivity between licensed band NR and NR-U to also be a beneficial deployment scenario. DC based NR allows the ability to deploy unlicensed cells in a way that is unconstrained by the topology of the licensed part.

	AT&T
	We consider this an important scenario to support non-collocated licensed and unlicensed deployments as well as non-ideal backhauls. 

	Huawei, HiSilicon
	This scenario relaxed the requirement on the synchronization between licensed band and unlicensed bands. It should be supported by NR-U. we should check whether the following features defined in licensed band can meet the requirement of unlicensed band operation, e.g. SSB/DRS, PUCCH, RACH and etc.

	InterDigital
	This is an enhancing scenario for NR as it relaxes some of the requirements compared to carrier aggregation. Some of the technologies required in the standalone NR-unlicensed would be required in this scenario. We believe this scenario should be supported and perhaps should be studied along or after the development of NR-NR dual connectivity.    

	Intel
	In the case the backhaul between the licensed NR node and the unlicensed NR node is not ideal, the DC framework from the higher layer point of view would be necessary. This requires the NR-NR DC framework to be completed within Rel-15. Thus, the development of NR-NR DC framework needs to be preceded, and the support of this scenario for NR unlicensed is subject to it. On the other hand, from L1 point of view, it would also require that the UL control signaling/PUCCH is supported for unlicensed SCG, as in the licensed SCG case.

	Samsung
	This scenario is beneficial to support non-collocated licensed and unlicensed deployment scenario including non-ideal back-haul case. However, as pointed out by other companies, NR-NR DC is not supported yet, this scenario can be discussed later.

	Charter Communications, CableLabs, Comcast
	As noted by many companies, this scenario allows for non-collocated Master and Secondary gNBs connected via non-ideal backhaul. Also, as noted above, the scenario requires support of DC between NR PCell and NR PSCell - which may only be introduced in or after Rel-15 NR phase 2. Therefore, we recommend waiting for stabilization of NR-NR DC prior to undertaking this effort.

	Mediatek
	This scenario allows non-co-located deployment between licensed and unlicensed gNBs. However, since DC with two NR Cells is not yet supported in Re-15, our view is to deprioritize this scenario at least for the initial phase.

	DT, TMUS
	This is 2nd priority for deployment on small cells with non collocated NR licensed and unlicensed carriers

	Verizon
	This is an important scenario due to the relaxation of backhaul requirements and support of non-collocated gNBs that allows more opportunities to use NR-U

	NTT DOCOMO
	We agree to support this scenario. 



Summary of the discussion:
18 replies were received, representing 25 companies. All companies acknowledged the importance of this scenario, as it provides support for non-collocated licensed and unlicensed deployments as well as non-ideal backhauls. A few companies also pointed out the dependency on the dual connectivity between (licensed) NR PCell and NR PSCell, which may only be introduced in NR phase 2. 

Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell)
From the point of view of L1 of NR-Unlicensed, this scenario is the same as dual connectivity between licensed band NR and NR-U. The table below presents companies views on the importance, use cases and other aspects related to this scenario.

	Company
	Views

	Nokia, Nokia Shanghai Bell
	This is a key scenario for operators with limited or no access to licensed spectrum for NR, or for any operators deploying NR-U in areas without (licensed band) NR coverage. Utilizing unlicensed carries allows for e.g. traffic offloading from licensed carriers, providing 5G data rates with 3GPP mobility. 
From NR-U L1 design point of view this option is the same as NR-to-NR-U Dual Connectivity.
From higher layer perspective, this scenario is very similar to dual connectivity between licensed band LTE (PCell) and licensed band NR (PSCell) which will be supported in Rel-15 NR phase 1, with possibly some additional work due to PSCell operation in unlicensed spectrum.

	Sony
	We think that this scenario should be prioritized for dual connectivity and NSA functionality from 3GPP can be reused. Other impacts are similar to NR+ NR DC. 
Also, from CN connectivity architecture point of view, LTE PCell ideally supports connection to either EPC or 5GC. So, operator choice is not restricted due to Core Network deployment. At the same time, 3GPP NSA supports connection to EPC only and further work is needed in 3GPP.

	Qualcomm
	This is an important case for initial deployment where operators can use unlicensed NR with an existing licensed LTE deployment for traffic offloading.

	Ericsson
	We agree with above analysis and think that it is a key scenario to support. From L1/2 perspective, this scenario is very similar to DC between NR and NR-U described above. From architecture perspective, the EN-DC architecture agreed for Rel.15 can be reused, i.e. the network can configure E-UTRA PDCP to handle MCG bearers, and NR PDCP to handle split bearers and SCG bearers. 

	vivo
	In the first phase of NR (NSA), and scenarios where licensed NR gNBs are not deployed, dual connectivity between LTE licensed band and NR unlicensed band should be supported. As pointed out by Nokia, both the physical layer and higher layer design of the LTE-NR U dual connectivity and that of the NR-NR U dual connectivity share a lot commonalities. Therefore, these two deployment scenarios can be studied together.

	LG Electronics
	We also agree that this is a key scenario at least to support non-collocated case between licensed (macro) eNB and unlicensed (pico) gNB. Different from Scenario 2-2, since EN-DC is supported for NR phase I, we can consider this scenario from the first stage for NR-U.

	Lenovo, Motorola Mobility
	This is an important scenario for step-by-step evolution of the network, and also for operator cases where no sufficient NR resources are available for a meaningful combination with NR-U.

	ZTE, Sanchips
	We are impartial on dual connectivity between licensed band LTE and NR-U being a possible deployment scenario.

	AT&T
	This is a highly attractive scenario as it allows us to leverage existing licensed LTE deployments. 

	Huawei, HiSilicon
	Same as 2.2

	InterDigital
	We agree about the value of the DC of LTE and NR-U during early stages of NR presence in the market. Given this we believe this scenario should be studied during the first stage of NR-U.

	Intel
	Regardless of whether the backhaul of the deployment is ideal or not, this scenario can be supported by EN-DC (Option 3) framework from high layer point of view. With this scenario, LTE RRC does not need to understand NR L1/L2 configuration and will be simpler if NR part is transparent to LTE where the NR configuration is contained within a container.
This scenario can be attractive to operators which do not possess NR licensed spectrum but would like to boost up system throughput using NR unlicensed technology. 

	Samsung
	This scenario is similar to dual connectivity between LTE in licensed band (PCell) and NR in licensed band (PSCell) so we can consider this scenario for traffic offloading with NR-U.

	Charter Communications, CableLabs, Comcast
	As noted by many companies, this scenario allows for non-collocated (in licensed spectrum) eNB and Secondary gNB (in unlicensed spectrum) connected via non-ideal backhaul. Similar to LGE, we agree that this scenario should be prioritized over Scenario 2-2.

	Mediatek
	This is a key scenario, and should be prioritized for initial deployment where operators can use NR-U to offload traffic of an existing licensed LTE deployment.

	DT, TMUS
	This is low / no priority, don’t see any real use case where we would use this option in this timeframe at least.

	Verizon
	This is a very important scenario for initial deployment of NR-U due to the extensive LTE coverage

	NTT DOCOMO
	We agree to support this scenario.



Summary of the discussion:
18 replies were received, representing 25 companies. Most (18) companies say this as an important scenario, as it allows us to leverage existing licensed LTE deployments, and allows for deploying NR-U without existing NR deployment. Several companies also pointed out the similarities with scenario 2.3, at least from L1 point of view. 
Two companies are impartial with respect to this scenario. For two companies this is a low priority scenario at least for the time being.   
Stand-alone NR-U
In this scenario, a UE is connected only to a NR-U cell, without any licensed band cell. The table below presents companies views on the importance, use cases and other aspects related to this scenario.

	Company
	Views

	Nokia, Nokia Shanghai Bell
	This is another key scenario. For mobile network operators it facilitates access to areas without licensed spectrum, and makes it possible to lease capacity from e.g. venue owners. Stand-alone NR-U enables simple and rapid deployments and makes it possible to e.g. provide extra capacity for mass events on a per need basis. 
In addition to MNOs, this scenario can also be interesting for e.g. cable operators, allowing them to make use of their existing wired network to provide NR services. 
In industrial and enterprise use cases, SA NR-U can allow for private network deployments (airports, harbors, factories, offices…) giving industry players a chance to control their own network. 
Compared to dual-connectivity, there is only minor additional L1 work required to support stand-alone NR-U, while more work is needed in RAN2, though the delta as compared to dual connectivity is still expected to be relatively small. Additionally, some effort will be required in SA groups.
Stand-alone deployments can be beneficial in any unlicensed spectrum identified as applicable for NR-U, including mmWave bands.

	Sony
	We think this is a relevant scenario for NR unlicensed operation to widen the usage of NR beyond scenarios requiring licensed spectrum.


	Qualcomm
	We believe this is a key scenario for NR unlicensed. As noted by Nokia/NSB a standalone NR-U option allows quick deployment of NR services which can be very helpful in offloading users from NR licensed carrier and supporting a large class of private network use cases. Given that there are other competing stand-alone technologies as well that target similar use cases we are of the view that standalone deployment of NR-U should be supported from the first release of NR-U. 
It is our understanding that supporting the standalone scenario also includes supporting carrier aggregation / dual connectivity between two or more unlicensed cells such as an unlicensed cell in sub 6 GHz and an unlicensed cell in 60GHz. Such a deployment allows UE to benefit from the large spectrum in 60GHz and provides a fall back to sub 6GHz for improved coverage.
For spectrum, the standalone deployments could target 5GHz, 6GHz, 37GHz, and 60GHz bands. 

	Ericsson
	As pointed out by above by other companies, we think this is a key scenario to support. Aggregation of more than one NR-U serving cell should be also supported, along with dual connectivity as indicated in previous scenarios. 
In this scenario, similar to the DC case, L1 control signaling needs to be supported along with RRM functionalities. On top of it, also mobility needs to be handled, e.g. handover, cell (re)selection.

	vivo
	Standalone operation in NR unlicensed band is especially useful in industrial and enterprise scenarios, where very few incumbent systems are deployed. In addition, the standalone operation in unlicensed band can be easily realized by slightly enhancing the dual connectivity operation in the unlicensed band. Enhanced procedures for RACH procedures, SI/paging delivery, RLM, etc. should be studied to obtain reasonable access opportunities in unlicensed band.

	LG Electronics
	We also believe that supporting stand-alone scenario can contribute to widen usage of NR-U. With the objective of SI to study NR-U cell operating standalone and connected to a 5G-CN with priority on frequency bands above 6 GHz, we need to study and analyze gap between stand-alone NR-U and licensed-assisted NR-U from the perspective of SA in addition to L1/L2.

	Lenovo, Motorola Mobility
	We consider this scenario to be useful for enterprise scenarios or operators without any other NR or LTE access. We share Ericsson’s view that mobility could be an additional issue to consider especially for RAN2, unless we limit the scope of this scenario as a kind of island deployment only.

	ZTE, Sanchips
	In our perspective, we compared to CA/DC based NR operation in unlicensed spectrum, standalone operation has more flexibility and lower cost of the network deployment, enables more UEs to benefit from offloading to unlicensed spectrum, and can be applied to more scenarios e.g. without any backhaul link in non-co-located scenarios，especially in isolated environments and remote areas. For NR access technology, one important objective is to satisfy the diverse requirements of different use cases. If some use cases (e.g. mMTC, NB-IoT, or V2X/D2D/Sidelink) are adopting standalone operation mode in unlicensed spectrum, the NR network deployment can be effortless and more flexible. We think that standalone NR-U should be supported.

	InterDigital
	We consider this scenario important in many ways such as offloading, rapid deployments, and increasing presence of NR in enterprise deployments. We believe this scenario should be evaluated during the SI especially on functionalities that would be handled in the licensed band in NR LAA scenario. We believe during the SI, deployments for unlicensed spectrum at 2.4GHz, 3.5GHz, 5GHz, 6GHz, and 60GHz should be considered.

	Intel
	Standalone NR unlicensed would be useful for ad-hoc deployment such as enterprise, factory settings and non-operator deployment in venue-like scenarios such as airport/railway station handling multiple service providers. Thus, it can be seen that there is a good amount of motivation to support this scenario.

	Samsung
	We consider this scenario is useful to widen usage of NR-U including industrial and enterprise network and traffic offloading. During the SI, use case, target unlicensed spectrum, etc. should be studied first to identify target requirements need to be supported by standalone NR-U.

	Charter Communications, CableLabs, Comcast
	As pointed out by above by other companies, we believe this to be a key scenario to support in the first feature release of NR-U. Also, as pointed by Nokia and others, involvement of SA groups to figure out CN architecture, and RAN-CN connectivity would be required as well.

	Mediatek
	This is another key scenario. SA NR-U not only allows fast and dynamic deployment, but also enables the establishment of private networks.

	DT, TMUS
	Some potential longer term use cases when SA can address overall system architecture for stand alone unlicensed access but only for 60 GHz band

	Verizon

	This is an interesting scenario. We recognize the importance of this deployment scenario for new entrants and for new use cases. 5 GHz and 6 GHz should be emphasized 

	NTT DOCOMO
	We agree to support this scenario. 



Summary of the discussion:
16 replies were received, representing 22 companies. Most companies expressed interest in this scenario, mentioning industrial and enterprise networks, traffic offloading, venues with multiple service providers, and flexible and fast deployments as use cases. From the implementation point of view, it was pointed out that this scenario has similarities with the dual-connectivity scenario. Regarding spectrum, multiple companies expressed that stand-alone NR-Unlicensed can be beneficial on any unlicensed spectrum, while two companies saw this scenario as interesting only for the 60 GHz band.


Any other deployment scenarios
Open to other companies to add additional bands for consideration/discussion.
Conclusion
Based on the replies received, majority of the companies have significant interest on all identified deployment scenarios. Some companies see LTE-NR-U Dual connectivity and Stand-alone as lower priority scenarios.  
Regarding the spectrum applicable for different deployment scenarios, many companies see that all scenarios can be beneficial on all unlicensed bands currently under consideration. On the other hand, two companies consider stand-alone scenario as interesting for 60 GHz only.
In terms of technical design aspects, similarities between L1 for the two Dual connectivity scenarios, and Stand-alone NR-Unlicensed were pointed out by a few companies. On higher layers, the need for additions on top of NR Phase 1 was also pointed out.   
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