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1. Introduction
There is an agreement that LTE requirement can be reused as much as possible for NR below 6GHz. For the case of UE though no detailed discussion has addressed which reference architecture and performance should be used as baseline for the NR specification development. This contribution addresses a few of these points and proposes some guidelines for approval.
2. Discussion
If the reuse of the LTE requirements for the development of the UE NR specification development is an obvious simplification and provides good ground for agreement, it has not been discussed in details which minimum LTE feature set should be the basis for the work. In this chapter we will discuss concrete proposals for architecture and performance baseline.
The underlying principle for this discussion is that NR radio <6GHz should provide at least the same level of service and performance than the most advanced LTE features specified today, and obviously provide further enhancements.
2.1. High Level Assumptions
2.1.1. NR Spectrum Below 6GHz
For broadband mobile data most of the new sub-6GHz 5G spectrum discussed lies between 3.3GHz and 5GHz. Although it is not the intention of this paper to preclude the use of other frequencies, it is legitimate to focus on this frequency range for some of the key NR features for high data rate, multiple numerology and lower latency as the required larger frequency bandwidths are available in this frequency range. It is to be noted that some TDD LTE bands > 2.3GHz can provide similar bandwidths like bands 40, 41 and 46. The performance and architecture proposals in this contribution are valid for a 2.3GHz to 6GHz frequency range.
Table 1 summarizes the bands currently being discussed for 5G in different regions of the world. Table 2 has current LTE bands that can provide interesting bandwidths for future NR re-farming.
Table 1: Currently investigated 5G bands in the 3GHz to 6GHz range
	NR Bands
	U/DL [MHz]

	Region
	Mode
	LTE band
	"name"
	Low
	High

	China
	TDD
	 
	"CH3300"
	3300
	3400

	China
	TDD
	B42
	"CH3400"
	3400
	3600

	Korea
	TDD
	 
	"KO3400"
	3400
	3700

	EMEA
	TDD
	B42/43
	"EU3400"
	3400
	3800

	Japan
	TDD
	 
	"JP3600"
	3600
	4200

	China
	TDD
	 
	"CH4400"
	4400
	4500

	Japan
	TDD
	 
	"JP4400"
	4400
	4900

	China
	TDD
	 
	"CH4800"
	4800
	4990


Table 2: Current LTE band offering good bandwidth for NR re-farming
	LTE Bands
	U/DL [MHz]

	Region
	Mode
	LTE band
	Low
	High

	China
	TDD
	40
	2300
	2400

	All
	TDD
	41
	2496
	2690

	EU/CH
	TDD
	42
	3400
	3600

	NAR
	TDD
	48
	3550
	3700

	EU
	TDD
	43
	3600
	3800

	All
	TDD
	46
	5150
	5925


Observation 1: 
· Most regions have a 5G 3.5GHz spectrum consistent with or slightly extending the B42/B43/B48 LTE cluster.
· All bands are bounded by LTE bands 7, 41 bellow and 46 above
· 3.5GHz bands have sufficient separation from 2.7GHz bands (>600MHz, 20% frequency)
· "JP4400" and "CH4800" have small separation to band 46 (<250MHz, 5% frequency)
Proposal 1: NR UE below 6GHz reference spectrum range
· 1a: NR and LTE bands between 2.3GHz and 6GHz shall be the focus for NR <6GHz high data rate UE solution

· 1b: The 3.4GHz to 3.8GHz LTE band cluster grouping band 42, 43 and 48 can be used as reference for NR architecture and performance for high data rate services <6GHz

Note that this does not preclude FDD operation for NR <6GHz but the focus here is on bands that provide at least 60MHz of contiguous spectrum (for example band 66 could be added).
2.1.2. LTE and NR UE Operation
At least as a first step NR will have to coexist with LTE in the UE and furthermore early deployments will use a non- stand-alone (NSA) approach where an LTE anchor band will be used. Addition of the NR functionality should be done in such a way that at least bands <3.3GHz can be used as anchor bands for NR but also that legacy LTE bands and carrier aggregation combinations are supported. This should be especially true for carrier aggregation cases with bands in the 2.3GHz to 6GHz range.
Proposal 2: LTE Band and CA, NR anchor band support for NR UE in the 2.3GHz to 6GHz range
· 2a: NR NSA added UE functionality between 2.3GHz to 6GHz shall allow any LTE anchor band <2.7GHz
· 2b: NR NSA added UE functionality between 2.3GHz to 6GHz shall allow support of legacy LTE bands in this frequency range including their associated UL/DL carrier aggregation cases.
2.1.3. Antenna Assumptions
Given that this 2.3-6GHz frequency range is already a candidate for 4x4 DL MIMO feature in LTE and this feature is being deployed, the baseline number of antennas for NR radio architecture can be a minimum of 4 at least for downlink. It is to be noted that 8x8 is discussed for LTE and could be relevant for NR for some UE form factors. It is also consistent with the idea that NR functionality will be first deployed in high end phones that will already support 4 antennas for LTE bands >2GHz. This discussion being about the reference architecture for NR specification development it does not preclude future NR implementations with higher or lower number of antennas, for example LTE started with mandating 2 DL antennas which did not preclude single antenna solutions to exist later.
Proposal 3: Antennas for NR UE in the 2.3GHz to 6GHz range
· 4 antennas shall be assumed for NR UE in the 2.3GHz to 6GHz range and at least 4x4 MIMO supported.

· Same 4 antennas will be shared between NR and LTE bands supporting 4x4 DL MIMO.

2.2. NR UE Receiver Reference
2.2.1. Demodulation Performance
As already discussed the assumption is that 4 antennas are used in DL thus 4x4 DL MIMO should be supported. On top of that the current LTE DL capability being up to 256QAM this should be the assumed minimum BB capability. The associated EVM performance and RF receiver impairments (EVM, phase noise, image) shall also be assumed. It is to be noted that with the receiver performance improvement needed to support DL 256QAM, the degradation of reference sensitivity due to baseband impairments is significantly reduced and some of the implementation margin can be reduced suggesting that better reference sensitivity numbers can be anticipated for NR.
2.2.2. Demodulation Bandwidth
In terms of demodulation bandwidth it is clear that NR will require larger channel bandwidths so the minimum bandwidth to be considered could be 100MHz which is consistent with current 5 carrier DL capability of LTE, for example the class F intra-band CA combination in band 42. To scale easily from LTE and considering 60kHz carrier spacing as an option it is potentially more practical to consider 80MHz, whether this 80MHz bandwidth is achieved by aggregating 1 or more carrier is for further study. Aggregated bandwidth beyond 80MHz is obviously to be considered and thus carrier aggregation granularity is to be considered.
2.2.3. Blocking Requirement
In the current LTE specification the out of band blocking range 3 requirement has been relaxed for frequencies from 2800MHz to 4400MHz to -20dBm (Note 2 of table Table 7.6.2.1-2 in 36.101), we propose here to use this relaxation for the 2300 to 6000MHz range in the scope of NR specification. Similarly one could question the relevance of narrow band blockers in this spectrum range. 
2.2.4. Receiver Proposals
Proposal 4: Receiver baseline performance for NR UE in the 2.3GHz to 6GHz range
· 4x4 DL MIMO
· DL 256QAM capable

· Potential reference sensitivity benefits is FFS
· 80MHz minimum aggregated DL bandwidth

· -20dBm range 3 out of band blocker
2.3. NR UE Transmitter Reference
2.3.1. Modulation Capability
UL 256QAM being recently specified for LTE and its use being specifically suited for small cells it should be assumed as the minimum capability for NR UE below 6GHz. It is to be noted that the improved in-band emissions, EVM and out of band emissions will also improve performance for lower modulation orders, it has already been factored in some non-3GPP specification where better lower order modulation performance requirements are tightened if a higher order modulation capability is supported.
It is important to mention specifically that the improvement of the transmitter impairments, like carrier and image leakages, is key to enable multiple numerologies in an UL channel for NR. On top of providing a 35dB EVM floor for EVM it will allow the guard band between numerologies to be dominated by the waveform filtering and at higher power to have the floor dominated by the PA non linearity. It is essential especially as the NR PAs will have further linearity challenges due to the NR waveform higher PAPR.
For the transceiver impairments it is proposed to use the agreed UL 256QAM budget: 2% (34dBc) EVM due to IQ imbalance, 1.78% (35dBc) due to phase noise and transmitter BB signal at 1.19% (38.5dBc). Need for improved carrier leakage is FFS.
2.3.2. Modulation Bandwidth
Rel14 LTE is specifying up to 3 contiguous carriers in UL reaching 60MHz modulated bandwidth (this is being discussed for band 40 and 41). As NR design is targeting symmetrical UL and DL it could be of interest to also consider up to 80MHz modulation Bandwidth in UL for NR, making use of partial allocation to guarantee the UL budget. Whether all UE would support up to 80MHz is for further study but a good compromise would be to have a minimum modulated bandwidth of 40MHz, again this does not preclude higher bandwidth or reaching these 40MHz aggregating multiple carriers. In this discussion this is proposed as the lower boundary for UL contiguous modulation bandwidth support.
2.3.3. Power class, MPR, A-MPR
Rel13 LTE 26dBm HPUE is specified for band 41 and is considered for band 42 in Rel14. This output power is the aggregated maximum output power considering that TDD duty cycle is <50% for the allowed frame structures. NR TDD implementation could make use of a similar approach and improve small cell coverage as this has been proven to be UL limited. It will not only improve the coverage but also enable higher UL data rate in a larger area. This concept could be further improved by having MPR considering bandwidth and modulation order like in LTE but also duty cycle, alternatively a PCmax depending on duty cycle could be used, it could be simple rule as follows:

PCmax=26dBm for duty cycle less or equal to 50%, 24.5dBm for duty cycle between 50% and 75%, then 23dBm for duty cycle >75%. This approach would not preclude lower power classes to be defined.

Separately the 0dBm MPR level may have to be reconsidered in terms of decisions on minimum bandwidth, minimum allocation. Also the intrinsic waveform PAPR is higher even for QPSK modulation thus MPR step of 1 dB in bandwidth or modulation order may not be relevant.
It is also important to reconsider MPR and AMPR numbers with improved transmitter impairments as these tend to dominate SEM or ACLR for small carrier allocations.

Finally like already agreed for Band 46 only SEM and E-UTRA and NR ACLR should be considered and UTRA1&2 requirements deleted as there is not UTRA deployment in the considered spectrum between 3GHz and 6GHz.
2.3.4. Number of Active UL Antennas
Although both MIMO and beam forming operation is specified for LTE UE it has not been implemented into products which are equipped with a single transmit line-up. It is to be noted though that high end smartphones implement 2 WiFi transmit paths in the 5GHz band. Also, even if only one transmit path is implemented in UE today it is to be noted that they often implement antenna selection (or antenna swap) to maintain good quality uplink when facing issue with hand or head effects, this is especially an issue at higher frequencies.

Conventional antenna selection becomes prohibitive at higher frequencies due to higher routing losses thus a better solution is to implement two power amplifiers for the two antennas. In this case the UE UL performance would further benefit of using two separate transmit chains to enable MIMO and beam forming operation on top of antenna selection. This could even be further studied using 4 antennas.

2.3.5. Transmitter Proposals
Proposal 5: Transmitter baseline performance for NR UE in the 2.3GHz to 6GHz range

· At least two active UL antennas enabling antenna selection, MIMO and beamforming operation

· 4 antenna UL is FFS

· UL 256QAM capable

· Potential In-band and out of band emission benefits is FFS

· 40MHz minimum aggregated UL bandwidth

· Minimum carrier allocation and related 0dB MPR is FFS

· HPUE 26dBm class for <50% TDD duty cycle

· Duty cycle dependent MPR or PCmax is FFS
· Removed UTRA ACLRs in the 2.3GHz to 6GHz range
3. Conclusion
This contribution provides an overview of possible architecture and performance NR inheritance from advanced LTE features. It proposes to use the most advanced LTE UL and DL features as baseline for NR specification development in the 2.3GHz to 6GHz range. It is to be noted that this approach in terms of scaling and performance steps is consistent with the approach that was used for the 3G to 4G step where number of antennas was doubled, bandwidth quadrupled and modulation/demodulation capability enhanced. The related proposals are copied here.
Proposal 1: NR UE below 6GHz reference spectrum range

· 1a: NR and LTE bands between 2.3GHz and 6GHz shall be the focus for NR <6GHz high data rate UE solution

· 1b: The 3.4GHz to 3.8GHz LTE band cluster grouping band 42, 43 and 48 can be used as reference for NR architecture and performance for high data rate services <6GHz

Proposal 2: LTE Band and CA, NR anchor band support for NR UE in the 2.3GHz to 6GHz range

· 2a: NR NSA added UE functionality between 2.3GHz to 6GHz shall allow any LTE anchor band <2.7GHz

· 2b: NR NSA added UE functionality between 2.3GHz to 6GHz shall allow support of legacy LTE bands in this frequency range including their associated UL/DL carrier aggregation cases.
Proposal 3: Antennas for NR UE in the 2.3GHz to 6GHz range

· 4 antennas shall be assumed for NR UE in the 2.3GHz to 6GHz range and at least 4x4 MIMO supported.

· Same 4 antennas will be shared between NR and LTE bands supporting 4x4 DL MIMO.

Proposal 4: Receiver baseline performance for NR UE in the 2.3GHz to 6GHz range

· 4x4 DL MIMO

· DL 256QAM capable

· Potential reference sensitivity benefits is FFS

· 80MHz minimum aggregated DL bandwidth

· -20dBm range 3 out of band blocker

Proposal 5: Transmitter baseline performance for NR UE in the 2.3GHz to 6GHz range

· At least two active UL antennas enabling antenna selection, MIMO and beamforming operation

· 4 antenna UL is FFS

· UL 256QAM capable

· Potential In-band and out of band emission benefits is FFS

· 40MHz minimum aggregated UL bandwidth

· Minimum carrier allocation and related 0dB MPR is FFS

· HPUE 26dBm class for <50% TDD duty cycle

· Duty cycle dependent MPR or PCmax is FFS

· Removed UTRA ACLRs in the 2.3GHz to 6GHz range
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