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1	Introduction 
The scope of the FR2 RF work item includes an objective to define FR2 DL inter-band carrier aggregation requirements [1].  Based on the observations provided in [4], [5], a discussion during the RAN4 #92 meeting related to the relationship between UE architecture and network deployment assumptions resulted in the following agreements [5]:
WF
-	UE requirements will be applicable under moderate power imbalance, exact number is FFS
-	Companies are encouraged to study feasibility of existing 8 usec time difference requirement of the received symbols
-	For FR2 inter-band downlink CA (28 + 39 GHz), requirement derivation for spherical coverage assumption shall be studied in the next meeting. (e.g. whether UE is capable for forming beam towards the same directions and different directions on both bands simultaneously)
-	Impact of different directions only to multiband relaxations shall be part of study

Agreements from the RAN4 #93 meeting on this topic were the following [6]:
-	The number of bands is assumed to be two for the inter-band CA WI, and the intra-band CA+ inter-band CA is also included in the scope of inter-band CA WI .
-	UE is assumed to be feasible to have independent beam management for the bands that are part of supported band configuration in inter-band CA for 28 GHz + 39 GHz combinations.
-	“28GHz” stands for a band group includes n257, n258, n261
-	“39GHz” stands for a band group includes n259, n260
-	Spherical coverage requirements for inter-band CA are tested from single AoA for Rel-16 if the following testability solution can be provided.
-	Testability SI will study the TE capability of transmitting 28 GHz + 39 GHz from same direction simultaneously.
-	Defining spherical coverage requirement for inter-band CA.
-	Alt.1: The UE shall meet the inter-band CA spherical coverage requirement simultaneously on 28 GHz and 39 GHz, the common spherical coverage range between the two bands shall be 50% for power class 3 UE.
-	Alt. 2:  The UE shall meet the inter-band CA spherical coverage requirement per band. 
-	Rel-15 spherical coverage requirement will be taken as baseline.

This contribution provides our views on the FR2 DL inter-band CA architecture and is organized in two parts:  one part addressing the case of “Low+Low” inter-band CA (such as n258+n261 or n258+n257) and another part addressing the remaining issues with the case of “Low+High” inter-band CA (such as n261+n260).
2	Discussion
2.1	Low+Low inter-band CA
The case of “Low+Low” inter-band CA can include example band combinations, such as n258+n261 or n258+n257.  In order to support such scenarios, a number of potential RF architectures can be contemplated.  Figure 1 below illustrates three possible alternatives.
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Figure 1: Potential CA architectures for the Low+Low case 
The observations about each alternative are as follows:
-	Alt.1 architecture
-	Single Rx chain & LO with shared phase shifter and LNA for both bands
-	Total frequency span (n258+n261) = 4100 MHz
-	Total frequency span (n258+n257) = 5250 MHz
-	Common beam management for both bands and common antenna array
-	Alt.2 architecture
-	Two Rx chains & LOs with shared phase shifter and LNA for both bands
-	Common beam management for both bands and common antenna array
-	Alt.3 architecture
-	Two Rx chains & LOs with independent phase shifters and LNAs per band
-	Independent beam management for both bands but common antenna array
The assumption of a common antenna array for these combinations follows the derivation of the Rel-15 EIRP and EIS requirements as well as the assumptions which went into the definition of the multi-band requirement framework in Rel-15.
[bookmark: _Toc24028843][bookmark: _Toc24028876][bookmark: _Toc24032040][bookmark: _Toc24032320][bookmark: _Toc24041164][bookmark: _Toc24041771][bookmark: _Toc24059044]Proposal 1:	Low+Low inter-band DL CA in FR2 assumes common beam management and common antenna array for all CCs in the combination.
The Alt.3 architecture is clearly the most complex possible UE implementation, with an essential doubling of complexity (and cost) relative to the Rel-15 architecture.  In our understanding, the specification should not preclude such UE implementations, but the minimum RF requirements should assume a less complex architecture in order to scale the 5G NR ecosystem in terms of global adoption of the mmWave technology.
By ruling out Alt. 3 as the reference architecture used in the derivation of FR2 DL inter-band CA requirements for the “Low+Low” case, we can examine the impact of Alt. 1 and Alt. 2 architectures on the specification:
-	Common beam management implies:
-	An assumption of a single AoA for the RF requirements
-	The structure of EIS requirement for intra-band can be reused (derivation of ∆RIB EIS factors for wider frequency separation is needed)
-	The reuse of the intra-band assumption on MRTD (0.26 µs) [7]
-	Impact on beam correspondence needs to be investigated (e.g. applicability of a single codebook over 5 GHz)
-	Common LNA implies:
-	The PSD of the combined DL CCs is balanced
-	Common Rx chain implies:
-	How to account for common receiver in out of band blocking requirements
The following is the MRTD requirement from the RRM specification in TS38.133 [7]:
7.6.4	Minimum Requirements for NR Carrier Aggregation
For intra-band CA, only co-located deployment is applied. For intra-band non-contiguous NR carrier aggregation, the UE shall be capable of handling at least a relative receive timing difference between slot timing of different carriers to be aggregated at the UE receiver as shown in Table 7.6.4-1 below.
Table 7.6.4-1: Maximum receive timing difference requirement for intra-band non-contiguous NR carrier aggregation
Frequency Range
Maximum receive timing difference (µs) 
FR1
31
FR2
0.26
Note 1: 	In the case of different SCS on different CCs, if the receive time difference exceeds the cyclic prefix length of that SCS, demodulation performance degradation is expected for the first symbol of the slot.

For inter-band NR carrier aggregation, the UE shall be capable of handling at least a relative receive timing difference between slot timing of all pairs of carriers to be aggregated at the UE receiver as shown in Table 7.6.4-2 below.
Table 7.6.4-2: Maximum receive timing difference requirement for inter-band NR carrier aggregation
Frequency Range of the pair of carriers
Maximum receive timing difference (µs) 
FR1
33
FR2
8
Between FR1 and FR2
25 


Based on this analysis, the following proposals can be made in relation to the existing requirements in the specification.
[bookmark: _Toc24028844][bookmark: _Toc24028877][bookmark: _Toc24032041][bookmark: _Toc24032321][bookmark: _Toc24041165][bookmark: _Toc24041772][bookmark: _Toc24059045]Proposal 2:	Intra-band non-contiguous reference sensitivity requirements can be reused for Low+Low inter-band DL CA in FR2, with the exception that additional ∆RIB EIS factors need to be derived for wider frequency separation.
[bookmark: _Toc24028845][bookmark: _Toc24028878][bookmark: _Toc24032042][bookmark: _Toc24032322][bookmark: _Toc24041166][bookmark: _Toc24041773][bookmark: _Toc24059046]Proposal 3:	The intra-band requirement on MRTD (0.26 µs) as well as the assumption on co-located deployment can be reused for Low+Low inter-band DL CA in FR2.
Considering blocking requirements, our understanding is that single carrier in-band blocking requirements are sufficient in terms of requirement coverage, and out of band blocking requirements do not need to be defined for the same reasons that Rel-15 did not undertake their definition. 
In order to enable Rel-16 FR2 UEs to implement the reference architectures described above, the common LNA assumption emphasizes the importance of aligning on the PSD levels of aggregated CCs in the case of Low+Low inter-band DL CA in FR2.
[bookmark: _Toc24028846][bookmark: _Toc24028879][bookmark: _Toc24032043][bookmark: _Toc24032323][bookmark: _Toc24041167][bookmark: _Toc24041774][bookmark: _Toc24059047]Proposal 4:	RAN4 shall assume 0 dB imbalance in the PSDs of combined DL CCs in the case of Low+Low inter-band DL CA in FR2.  How to capture this assumption in the specification is FFS.
The assumption on common beam management for the Low+Low inter-band CA places a constraint on the beam correspondence performance of the UE.  We address these issues in a related paper [9].
2.2	Low+High inter-band CA
The case of “Low+High” inter-band DL CA in FR2 can include example band combinations, such as n261+n260.  Figure 2 below illustrates the reference architecture.
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Figure 2: CA architecture for the Low+High case 
Based on the RAN4 agreements on Low+High inter-band DL CA in FR2, the following aspects can be summarized:
-	Two Rx chains & LOs with independent phase shifters and LNAs per band
-	Independent beam management for both bands
-	Independent antenna arrays (but co-located, according to the multi-band framework)
According to TR38.803, the baseline inter-site distance (assuming an urban macro deployment) is 200m; an optional value of 300m is provided, which we can assume is the maximum [10].  Figure 3 below provides the figure of the cell layout from the TR for further reference.
[image: ]
Figure 3: Cell layout assumed in TR38.803 [10]
Table 1 below illustrates the relationship between propagation delay and distance.
Table 1: Propagation delay vs. distance
	Distance (m)
	Propagation delay (us)

	200
	0.67

	300
	1.00

	1500
	5.00



We observe that the maximum propagation delay for a Low+High inter-band CA deployment in FR2 is 1 µs.  If we assume that two non-collocated sites serve the two inter-band carriers, then the maximum ISD of 300 m represents the worst-case deployment.  We have included a calculation for 1500m in order to illustrate that the Rel-15 value of 8 µs for MRTD for inter-band CA in FR2 (which was incorrectly included in the RRM specification, since inter-band CA in FR2 is not in the scope of Rel-15 NR) has assumed 5 µs of propagation delay, and this assumption is not realistic.
According to the Base Station specification in TS38.104, the time alignment error (TAE) is defined as follows [11]:
[bookmark: _Toc21127479]6.5.3	Time alignment error
[bookmark: _Toc21127480]6.5.3.1	General
This requirement shall apply to frame timing in MIMO transmission, carrier aggregation and their combinations.
Frames of the NR signals present at the BS transmitter antenna connectors or TAB connectors are not perfectly aligned in time. The RF signals present at the BS transmitter antenna connectors or transceiver array boundary may experience certain timing differences in relation to each other.
The TAE is specified for a specific set of signals/transmitter configuration/transmission mode.
For BS type 1-C, the TAE is defined as the largest timing difference between any two signals belonging to different antenna connectors for a specific set of signals/transmitter configuration/transmission mode.
For BS type 1-H, the TAE is defined as the largest timing difference between any two signals belonging to TAB connectors belonging to different transmitter groups at the transceiver array boundary, where transmitter groups are associated with the TAB connectors in the transceiver unit array corresponding to MIMO transmission, carrier aggregation for a specific set of signals/transmitter configuration/transmission mode.
[bookmark: _Toc21127481]6.5.3.2	Minimum requirement for BS type 1-C and 1-H
For MIMO transmission, at each carrier frequency, TAE shall not exceed 65 ns.
For intra-band contiguous carrier aggregation, with or without MIMO, TAE shall not exceed 260ns.
[bookmark: OLE_LINK264][bookmark: OLE_LINK265]For intra-band non-contiguous carrier aggregation, with or without MIMO, TAE shall not exceed 3µs.
For inter-band carrier aggregation, with or without MIMO , TAE shall not exceed 3µs.

The impact of such significant timing misalignment on the UE architecture shown in Figure 2 is the potential risk of simultaneous transmission and reception in the two aggregated bands if the scheduler does not take care of the problem.  We refer to the physical layer specification in TS38.211 for the Tx-Rx and Rx-Tx transition times [12]:
Table 2: Tx-Rx and Rx-Tx transition time [12]
	Transition time
	FR1 (Tc)
	FR2 (Tc)
	FR1 (µs)
	FR2 (µs)

	Ntx-rx
	25600
	13792
	13.02083333
	7.014973958

	Nrx-tx
	25600
	13792
	13.02083333
	7.014973958


[bookmark: _GoBack]
If we take the Rel-15 value of 8 µs for MRTD for inter-band CA in FR2, then a possible timeline is illustrated in Figure 3 below.
[image: ]
Figure 3: Potential timeline with MRTD = 8 µs
We note that given TAE of 3 µs, the propagation delay in this example corresponds to an ISD of 1500 m, which is clearly out of scope of any FR2 deployment scenario considered in NR.  If we follow the MRTD derivation according to the maximum ISD in an FR2 network, then the timeline can be as illustrated in Figure 4:
[image: ]
Figure 4: Potential timeline with MRTD = 4 µs
As an additional comparison, Figure 5 below illustrates a timeline for intra-band CA, where TAE and MRTD are 0.26 µs:
[image: ]
Figure 5: Potential timeline with MRTD = 0.26 µs
In the three timelines, different Rx symbols in CC2 are impacted by the UL transmission.  In all three cases the network must take care not to schedule CC2 to receive symbols which overlap with the UL symbols (including CP), as well as the Rx-Tx and Tx-Rx time periods.
[bookmark: _Toc24041168][bookmark: _Toc24041775][bookmark: _Toc24059048]Proposal 5:	RAN4 shall correct the MRTD requirement for Low+High inter-band DL CA to 4 µs.
[bookmark: _Toc24041169][bookmark: _Toc24041776][bookmark: _Toc24059049]Proposal 6:	Introduce a requirement for the base station to correctly estimate the timing difference and propagation delay when operating FR2 inter-band CA, such that Rx CCs are not scheduled to receive symbols within 7 µs of the beginning and end of the UL allocation in the Tx CCs; the specification impact is FFS.
3	Conclusions
This contribution has provided our views on the topic of FR2 DL inter-band CA and has made the following observations and proposals:
Proposal 1:	Low+Low inter-band DL CA in FR2 assumes common beam management and common antenna array for all CCs in the combination.
Proposal 2:	Intra-band non-contiguous reference sensitivity requirements can be reused for Low+Low inter-band DL CA in FR2, with the exception that additional ∆RIB EIS factors need to be derived for wider frequency separation.
Proposal 3:	The intra-band requirement on MRTD (0.26 µs) as well as the assumption on co-located deployment can be reused for Low+Low inter-band DL CA in FR2.
Proposal 4:	RAN4 shall assume 0 dB imbalance in the PSDs of combined DL CCs in the case of Low+Low inter-band DL CA in FR2.  How to capture this assumption in the specification is FFS.
Proposal 5:	RAN4 shall correct the MRTD requirement for Low+High inter-band DL CA to 4 µs.
Proposal 6:	Introduce a requirement for the base station to correctly estimate the timing difference and propagation delay when operating FR2 inter-band CA, such that Rx CCs are not scheduled to receive symbols within 7 µs of the beginning and end of the UL allocation in the Tx CCs; the specification impact is FFS.
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