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1. Introduction
At the last RAN4 meeting, some companies proposed that UL non-contiguous resource allocation is optional regardless of UL waveform (CP-OFDM or DFT-s-OFDM), and the RAN4 minimum requirements should be developed only for contiguous allocation within Rel.15 NR time frame [1][2]. The motivation mainly comes from the complexity of UE implementation/RAN4 minimum requirements for non-contiguous allocation. The motivation seems to make sense, and the system benefit allowing non-contiguous allocation in UL has not been surely proven in 3GPP. Before the decision, however, RAN4 needs to clarify some points considering wider bandwidth operations.
2. Discussion
In RAN1, the followings were agreed as wider band operations:
	RAN1 #88bis [3]

Working assumption:
· One or multiple bandwidth part configurations for each component carrier can be semi-statically signalled to a UE
· A bandwidth part consists of a group of contiguous PRBs
· Reserved resources can be configured within the bandwidth part
· The bandwidth of a bandwidth part equals to or is smaller than the maximal bandwidth capability supported by a UE
· The bandwidth of a bandwidth part is at least as large as the SS block bandwidth
· The bandwidth part may or may not contain the SS block

· Configuration of a bandwidth part may include the following properties
· Numerology
· Frequency location (e.g. center frequency)
· Bandwidth (e.g. number of PRBs)
· Note that it is for RRC connected mode UE
· FFS how to indicate to the UE which bandwidth part configuration (if multiple) should be assumed for resource allocation at a given time
· FFS neighbour cell RRM
RAN1 #89 [4]

Agreement
· Confirm the WA of RAN1#88bis.

· Each bandwidth part is associated with a specific numerology (sub-carrier spacing, CP type)

· FFS: slot duration indication if RAN1 decides to not to downselect between 7 symbol and 14 symbols for NR slot duration
· UE expects at least one DL bandwidth part and one UL bandwidth part being active among the set of configured bandwidth parts for a given time instant.

· A UE is only assumed to receive/transmit within active DL/UL bandwidth part(s) using the associated numerology

· At least PDSCH and/or PDCCH for DL and PUCCH and/or PUSCH for UL

· FFS: down selection of combinations

· FFS if multiple bandwidth parts with same or different numerologies can be active for a UE simultaneously 

· It does not imply that it is required for UE to support different numerologies at the same instance.

· FFS: TB to bandwidth part mapping

· The active DL/UL bandwidth part is not assumed to span a frequency range larger than the DL/UL bandwidth capability of the UE in a component carrier.

· Specify necessary mechanism to enable UE RF retuning for bandwidth part switching


In summary, the NW can configure “turn off/on” of some bandwidth part(s) to a UE for reducing power consumption, and the UE need to transmit/receive the signals only in the activated bandwidth parts. This means that each UE could have different active UL bandwidth part(s) in the NW as follows.
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Figure 1. Active bandwidth parts
On the other hand, NR supports two kind of UL control channels, called short PUCCH and long PUCCH. In short, short PUCCH is mapped to the last few OFDM symbol(s) for fast ACK/NACK feedback. Long PUCCH is generally mapped the edge of channel bandwidth with or without frequency hopping (similar to LTE PUCCH) to have wider UL coverage than short PUCCH. The channel design of those channels is now discussing in RAN1, and the Fig.2 shows the examples.
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Figure 2. Examples of short and long PUCCH

When assuming that the UE in narrower active bandwidth transmits long PUCCH with frequency hopping, it is unclear which resources can be used for PUSCH for the UE in wider active bandwidth as shown in Fig.3. In this figure, UE #1 and #2 have narrower active bandwidth and UE #3 has wider one. If contiguous resource allocation is allowed for UE#3, both option 1 and option 2 like resource allocations can be possible. On the other hand, if non-contiguous resource allocation is completely precluded, only option 2 like allocation is possible and it would significantly restrict the UL peak performance. Especially for mmWave, furthermore, the necessity of user multiplexing in frequency domain might be reduced due to the analog beamforming, it is likely that the data is scheduled only for one user in the time instant. In such case, only option 2 is quite unreasonable and could degrade system performance. 
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Figure 3. Non-contiguous PUSCH by PUCCH

The similar problem was occurred in eMTC, and LO retuning based solution was adapted as below figure 4 in order to avoid above degradation. To avoid PUCCH being assigned in the middle of channel bandwidth of LTE, eMTC conducts LO retuning between the edges of channel bandwidth.
[image: image4.emf]LTE 

LO

LO

CBW

1 subframe

6PRB

eMTC

LO returning 

PUSCH

PUCCH


Figure 4. LO retuning based solution
It is also unclear that above solution can be adapted for NR UE, and if it is not feasible, the following alternatives could be considered.

· Alt.1. Non-continuous resource allocation is fully allowed, and specify RAN4 requirements (e.g. MPR/A-MPR)
· Alt. 2. Non-continuous resource allocation for the UE in wider bandwidth is allowed to avoid PUCCH of the UE in narrower bandwidth, and study whether RAN4 Tx/Rx requirement for such case is needed (e.g. MPR/A-MPR).
· Alt. 3. Adjust NW parameters to avoid above issue, e.g.,

· disable frequency hopping of PUCCH allowing performance degradation

· align active bandwidth within all UEs in the NW
· restrict the range of frequency hopping (e.g. only 5 or 10 MHz hopping is allowed)

· Alt. 4. Consider other physical channel design and/or UE behaviour to avoid above issues (LS to RAN1 may be needed)
We slightly prefer Alt.2 at this stage because the bandwidth of short/long PUCCH would be few PRB(s). 
Furthermore, it is unclear that RAN1 spec allows non-contiguous allocation in UL, but if it is allowed, the UE capability of UL non-contiguous allocation should be also introduced. In order to avoid a strong interference to an adjacent channel, the UE with such capability shall satisfy any RAN4 Tx/Rx requirements for contiguous allocation. To do this, MPR/A-MPR requirements might be needed especially if Alt.1 is taken, but further discussion is needed for whether such MPR/A-MPR requirements are introduced in Rel.15 NR.
Observation 1: Non-continuous resource allocation for the UE in wider bandwidth may be needed to avoid PUCCH of the UE in narrower bandwidth
· If needed, whether RAN4 Tx/Rx requirements for such case are needed (e.g. MPR/A-MPR) should be studied.
Proposal 1: The UE with the capability of UL non-contiguous allocation shall satisfy any RAN4 Tx/Rx requirements for contiguous allocation.


FFS: Whether MPR/A-MPR requirements are introduced in Rel.15 time frame.

3. Conclusion

In this contribution, we discussed non-contiguous resource allocation considering wider bandwidth operations. According to the analysis, we have the following observation and proposals:
Observation 1: Non-continuous resource allocation for the UE in wider bandwidth may be needed to avoid PUCCH of the UE in narrower bandwidth
· If needed, whether RAN4 Tx/Rx requirements for such case are needed (e.g. MPR/A-MPR) should be studied.

Proposal 1: The UE with the capability of UL non-contiguous allocation shall satisfy any RAN4 Tx/Rx requirements for contiguous allocation.


FFS: Whether MPR/A-MPR requirements are introduced in Rel.15 time frame.
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