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1 Introduction
The work item description (WID) for NR [1] indicates that NR should specify the following.
Duplexing identified in Section 5.1 of TR38.802 supported by a PHY design common to paired and unpaired spectrum, including [RAN1, RAN2, RAN3]:

-
Enablers for interference management mechanisms for handling cross-link interference.

-
Note: down-selection on enablers for interference management mechanisms is to be discussed in RAN1

The section referred to above is captured in section 8.4 of [2] where the following is stated.

“NR supports paired and unpaired spectrum and strives to maximize commonality between the technical solutions, allowing FDD operation on a paired spectrum, different transmission directions in either part of a paired spectrum, TDD operation on an unpaired spectrum where the transmission direction of time resources is not dynamically changed, and TDD operation on an unpaired spectrum where the transmission direction of most time resources can be dynamically changing. DL and UL transmission directions at least for data can be dynamically assigned on a per-slot basis at least in a TDM manner. It is noted that transmission directions include all of downlink, uplink, sidelink, and backhaul link. NR supports at least semi-statically assigned DL/UL transmission direction as gNB operation, i.e., the assigned DL/UL transmission direction can be signaled to UE by higher layer signaling.”
In this contribution, we discuss duplexing focusing on paired spectrum and on its design impacts for NR. 
2 Discussions
Traditionally spectrum allocations for mobile wireless broadband systems have focused on two methods of duplexing downlink and uplink transmissions, time and frequency division duplex. For each of these types of duplexing, spectrum has been allocated separately with spectrum allocated for time division duplexed (TDD) systems being referred to as unpaired spectrum and spectrum allocated for frequency division duplexed (FDD) systems being referred to as paired spectrum. This nomenclature has been used for a long time and even in RAN4 specifications, paired spectrum refers to systems where each of the paired carriers carries transmissions in only one direction. 
Considering the above history where paired spectrum refers to two carriers which each carry transmissions only in one direction, the part of the statement in the TR that says “different transmission directions in either part of a paired spectrum” should be supported is not well founded, especially from a RAN4 perspective. If any carrier has transmissions in both directions, it fundamentally cannot be part of paired spectrum by the currently used nomenclature in RAN4.
Observation: From a RAN4 perspective, paired spectrum typically refers to spectrum where transmission is only allowed in one direction on a carrier frequency.
It is possible that in bands that are currently defined strictly for FDD in RAN4, the regulations actually allow transmission by any type of device on one or both of the carriers in the paired spectrum. There was a study performed by 3GPP RAN regarding the regions in the world where regulations allow such flexibility in the type of devices using each carrier in paired spectrum [3]. The conclusion of the study in its entirety was that “At least in one country and in some bands, utilizing UL spectrum for transmission from the network to UEs is possible.” Based on this, we observe the following.
Observation: The regulations do not currently allow transmissions in different duplex directions on a carrier frequency in paired spectrum in most regions in the world.
It is possible for any spectrum that currently has been allocated as paired spectrum to be re-allocated as unpaired spectrum which is what effectively happens if TDD transmissions are performed on any part of the paired spectrum. However, this is not something that lies within the purview of 3GPP. For the country in which there is flexibility on transmission direction from a regulatory perspective, the regulations effectively allow TDD to be deployed on the carrier although whether 3GPP defines these bands as such needs to be discussed separately. That is, rather than discussing whether transmissions should occur in both directions in paired spectrum, it is more pertinent to discuss whether certain bands that currently have been designated as FDD bands in RAN4 should be re-designated as TDD bands. Of course, one should note that in many of these bands if operators are already using the spectrum then allowing TDD operation on one of the carriers in paired spectrum would lead to significant interference to the existing operators and this will definitely be unacceptable. 
Observation: Transmissions in different directions on a carrier cannot be performed when an existing operator is operating an FDD network on an adjacent carrier.
For any band where multiple operators may be operating within the band on adjacent carriers, operating TDD on a carrier can be practical only if all the operators coordinate their transmissions. This is traditionally done by coordinating the static or semi-static configurations that the multiple operators use. It should be noted that any of the more dynamic coordination schemes in multi-operator networks are not practical due to the degree of cooperation required between nodes belonging to different operators and probably not feasible even if such a high degree of cooperation was possible. 

Observation: Transmissions in different directions on a carrier can only be performed if all operators operating on a set of adjacent carriers coordinate their transmission directions which makes dynamic changes in duplex directions impractical. The carrier essentially becomes a regular TDD carrier.
Thus, once again, the central question simply becomes whether existing FDD spectrum should be re-defined as TDD spectrum by RAN4 where the regulations may allow this. Therefore, from a design point of view, there is no need to discuss duplexing in paired spectrum separately. 
Other aspects that need to be taken into account is the additional complexity in transceiver hardware that is incurred in trying to convert a part of FDD spectrum into a TDD carrier. Transmitting and receiving on the same carrier and performing simultaneous transmission and reception on two carriers with the same hardware requires an additional transmitter/receiver on the TDD carrier. Furthermore, additional hardware such as a switch may be required in addition to the duplex or present to manage transmission and reception on different carriers. Transmissions in different directions on a carrier (TDD) carried out in conjunction with transmission or reception on another carrier is essentially like carrier aggregation between a TDD carrier and another TDD or DL/UL carrier. This requires additional hardware complexity compared to a traditional FDD network which must be taken into consideration before considering converting FDD spectrum allocations to TDD.
Observation: Transmissions in different directions on a carrier (TDD) carrier out in conjunction with transmission or reception on another carrier is essentially like carrier aggregation between a TDD carrier and another TDD or DL/UL carrier. 

Considering all of the above, it is very clear that there are significant regulatory, complexity and operational constraints that make converting FDD spectrum to TDD by allowing transmissions in different parts of a paired FDD spectrum allocation a highly impractical approach. This is especially true for deployments involving macro-cells where there is a large discrepancy between the transmit powers on the DL and the UL. Therefore, such a goal of allowing TDD transmissions in FDD spectrum should not be used to impose any additional design considerations on the design of NR. Instead the NR design should focus on a basic structure that allows very flexible and dynamic TDD on a single carrier. Such a design can then be used to serve both TDD and FDD spectrum including static, semi-static and dynamic TDD configurations as special cases of the basic design. Even if TDD operation were to be targeted in spectrum that is currently allocated for FDD networks where the operational constraints listed above are not a concern, such a design should have no problem serving this use case. 

Observation: No special design considerations are necessary to support the goal of allowing TDD transmissions in paired spectrum.

The goal of a common unified design means, in particular, that NR should be based on a single frame structure as opposed to the different frame structures for TDD and FDD that have been used in the past. The frame structure allows allocation of DL slots and UL slots flexibly. On a TDD carrier, these slots may not occur simultaneously, whereas on a pair of carriers in paired spectrum, they may occur together. With a single unified design, NR can provide a common design that allows operation in all kinds of spectrum regimes. It has been recognized even by the proponents of allowing TDD operation in paired spectrum that a common design for NR as described above is a desirable goal. Hence, the focus in NR should be firmly placed on such a design and we propose the following.
Proposal: NR should support deployments in different types of spectrum allocations with a common design based on a single unified frame structure.

3 Conclusions

This contribution discussed duplexing in paired spectrum and whether it should have any impact on the design of NR. The following observations were made.
Observation: From a RAN4 perspective, paired spectrum typically refers to spectrum where transmission is only allowed in one direction on a carrier frequency.
Observation: The regulations do not currently allow transmissions in different duplex directions on a carrier frequency in paired spectrum in most regions in the world.
Observation: Transmissions in different directions on a carrier cannot be performed when an existing operator is operating an FDD network on an adjacent carrier.

Observation: Transmissions in different directions on a carrier can only be performed if all operators operating on a set of adjacent carriers coordinate their transmission directions which makes dynamic changes in duplex directions impractical. The carrier essentially becomes a regular TDD carrier.

Observation: Transmissions in different directions on a carrier (TDD) carried out in conjunction with transmission or reception on another carrier is essentially like carrier aggregation between a TDD carrier and another TDD or DL/UL carrier.

Observation: No special design considerations are necessary to support the goal of allowing TDD transmissions in paired spectrum.

Based on the discussion in the contribution regarding design considerations for NR, the following was proposed.

Proposal: NR should support deployments in different types of spectrum allocations with a common design based on a single unified frame structure.
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