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1 Introduction

This contribution considers some of the following issues which are FFS from RAN1#76bis:

a) Whether or not current specification is sufficient to handle Tx/Rx and Rx/Tx switching
b) Assumption of the number of local oscillators
c) # of HARQ processes
d) Soft buffer management
e) Impact, if any, on PDCCH monitoring and CSI reporting
f) Impact, if any, on PHICH handling
For reference purposes only in this contribution, following the terminology agreed in RAN2, a UE of new category will be referred to as Cat.0 UE.

2 HD-FDD Aspects
Number of Oscillators
When a transmitter and a receiver share a local oscillator using TDM, the oscillator needs to be retuned and its PLL relocked to the DL or UL frequency after each switching (DL-to-UL or UL-to-DL). There is a cost reduction relative to using two oscillators but at the cost of increased Rx-to-Tx and Tx-to-Rx switching times (1 msec each based on [1] instead of a few OFDM symbols as in Rel-8). The issue of whether it is preferable to have a single oscillator or two oscillators is not a simple one as it involves aspects that are beyond a direct “cost benefits vs. performance impact” analysis.

From a cost perspective for a Cat.0 UE, the RF accounts for about 40% [2] (the DBB accounts for about 60% but this now needs to be readjusted as the DBB complexity has somewhat increased). The RF transceiver (LNAs, mixer, and local oscillator) accounts for up to 40-50% of the cost of the RF while the duplexer accounts for 15-25% of the cost of the RF [2] (i.e. 6%-10% of the total Cat.0 UE cost). Even though HD-FDD removes the need for a duplexer at a UE, it instead requires adding pass-band filters, in both UL and DL and respective savings of the total Cat.0 UE cost are around 5%.  
Cat.0 HD-FDD UEs with one oscillator will inevitable have reduced throughput but this should be acceptable as the target metric is the cost and the applications are likely for very small data packets where maximizing UE throughput by reducing switching time is rather pointless. No meaningful effect on system throughput is expected as other UEs can be scheduled (including other Cat.0 HD-FDD UEs) in the DL or DL when a Cat.0 HD-FDD UE receives or transmits, respectively. Cat.0 HD-FDD UEs with one oscillator need to be scheduled differently than full-duplex UEs or legacy HD-FDD UEs but this is not a major issue and a network is already assumed capable of providing such support between full-duplex and half-duplex legacy UEs and the assumption of 1 subframe switching time simplifies such scheduling. 
Cat.0 HD-FDD UEs with one oscillator can be beneficial in facilitating integration of RF and DBB (no DL-UL cross-interference) and this can provide additional cost savings. Moreover, a single oscillator can also facilitate multi-band operation as a need for developing band-specific duplexers is avoided. This can expedite development and deployment of HD-FDD Cat.0 UEs.
A separate UE capability needs to be defined for HD-FDD UEs with one oscillator and can be part of the “RF parameters” capability signaling (independent of ue-Category field). 

Proposal 1: Define a separate UE capability signaling for one oscillator.

Number of HARQ Processes and Soft Buffer Management
Assuming a 1 msec (1 subframe) switching time for a Cat.0 HD-FDD UE with 1 oscillator, reception and transmission cannot occur in a same subframe. Then, the maximum number of HARQ processes in 3 (corresponding to 3 consecutive PDSCH/PUSCH receptions, 1 switching subframe, 3 respective PUCCH/PHICH transmissions, and 1 switching subframe).  

The issue then is whether to have 8 HARQ processes, as for legacy full duplex or half duplex FDD UEs (although the latter can receive and transmit in a same subframe due to the shorter switching time), or have 3 HARQ processes for HD-FDD UEs. The former avoids any specification changes (both in RAN1 for the number of HARQ processes and in RAN2 for having different numbers of soft channel bits for Cat.0 HD-FDD UEs) and maximizes re-use of existing FDD designs. It also provides a network with scheduling flexibility to select which 3 of the 8 HARQ processes to use at a given time. The latter offers some cost savings due to the reduction in the soft buffer size by 5/8=62.5%. The soft buffer size account for 10%-15% of the DBB cost which is 60% of the total cost. 1000 bits already provide 90% cost reduction on HARQ buffer. Therefore, the cost savings from reducing the number of HARQ processes from 8 to 3 is about 0.6% of the reference UE modem cost. 
In order to avoid restricting scheduler operation, creating a sub-category UE with respect to baseband capabilities and a respective fragmentation of implementations and designs, it is preferable to not mandate that Cat.0 HD-FDD UEs support 3 HARQ processes and a soft buffer size of 3x3168=9504 bits for unicast traffic.

Proposal 2: For Cat.0 HD-FDD UEs, the number of supported DL/UL HARQ processes is at least 3 and the soft buffer size for unicast traffic is at least 9504 bits.

Impact on PDCCH monitoring, PHICH handling, and CSI reporting
Scheduling issues for HD-FDD UEs are well known since Rel-8 and, for Cat.0 HD-FDD UEs, they can again be an eNB scheduler implementation aspect. No impact on PDCCH monitoring, PHICH handling, or CSI reporting that requires specifications has been identified. The eNB scheduler can ensure that DL and UL transmissions are separated by 1 subframe in order to allow for the 1 msec switching time. This delay in DL or UL transmissions is not an issue for any application in general and particularly for applications envisioned for low cost UEs using HD-FDD.  
One aspect that can be either left to eNB or UE implementation or can be specified concerns the conflict between paging and msg1 or msg3 transmissions. This can be left to eNB implementation (msg1 subframes are not paging subframes, msg3 is not scheduled in a subframe the eNB transmits paging) for some degradation in spectral efficiency, or to UE implementation (UE simply follows UL grant for msg3 or prioritizes paging reception in subframes 0, 4, 5, and 9), or it can be specified that the UE always prioritizes possible paging reception in subframes 0, 4, 5, and 9. To avoid degradation in system spectral efficiency, it is preferable to either leave such prioritizations as a Cat.0 HD-FDD UE implementation or specify that a Cat.0 HD-FDD UE always monitors paging in subframes 0, 4, 5, and 9.

RAN1 Specifications for Tx-to-Rx and for Rx-to-Tx Switching
TS 36.211 should specify one subframe (1 msec) switching time for both Tx-to-Rx and Rx-to-Tx switching.

3 Conclusions

This contribution considered some of the remaining issues for the new Category 0 UEs and proposes the following.
Proposal 1: Define a separate UE capability signaling for one oscillator.

Proposal 2: For Cat.0 HD-FDD UEs, the number of supported DL/UL HARQ processes is at least 3 and the soft buffer size for unicast traffic is at least 9504 bits.
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