Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG RAN WG1 Meeting #79
R1-144556
San Francisco, USA, 17th – 21st November 2014
Source: 
Ericsson

Title:
UE complexity reduction techniques for MTC
Agenda Item:
6.3.1.1.2
Document for:
Discussion and Decision
1 Introduction

In 3GPP TSG RAN WG1 meeting #78bis, UE complexity reduction was discussed for Rel-13 MTC UE. 

In this contribution we provide further discussion and proposals on the complexity reduction techniques.
2 Reduced UE bandwidth
In 3GPP TSG RAN WG1 meeting #78bis, the following agreement was made:

	Agreement:
· Reduced UE bandwidth of 1.4 MHz in downlink and uplink is prioritized as the most important complexity reduction technique for Rel-13 MTC UEs.



It is stated in the WID [1] that

	· Bandwidth reduced UEs should be able to operate within any system bandwidth.

· Frequency multiplexing of bandwidth reduced UEs and non-MTC UEs should be supported.
· The UE only needs to support 1.4 MHz RF bandwidth in downlink and uplink.
· The allowed re-tuning time supported by specification (e.g. ~0 ms, 1 ms) should be determined by RAN4.


2.1 Frequency switching time
The UE should be able to re-tune its centre frequency so that several UEs can be frequency multiplexed within the system bandwidth. This capability to re-tune the UE centre frequency is also an enabler for technical solutions involving frequency hopping. The allowed re-tuning time is to be determined by RAN4. 
Specifically there are the following re-tuning scenarios:
(1). For HD-FDD UE to perform Tx-to-Rx switching and Rx-to-Tx switching. Compared to (2) and (3), the HD-FDD switching needs to additionally include the round-trip propagation delay.
(2). Re-tune the UE RF transmit carrier frequency from one location to another location within the UL system bandwidth.
(3). Re-tune the UE RF receive carrier frequency from one location to another location within the DL system bandwidth.
For (1), the switching time of Rel-13 MTC UE can reuse the definition of guard subframe for Type B half-duplex FDD operation introduced in Rel-12 for Cat-0 UEs. That is:
“For type B half-duplex FDD operation, guard periods, each referred to as a half-duplex guard subframe, are created by the UE by

-
not receiving a downlink subframe immediately preceding an uplink subframe from the same UE, and

-
not receiving a downlink subframe immediately following an uplink subframe from the same UE.”
For (2) and (3), the same consideration applies to FDD and TDD operation. Applying the same RF switching time as in HD-FDD, the switching time should be 500 µs (or 1 slot). While it is up to RAN4 to decide the exact budget for the re-tuning time, it is proposed the RAN1 continue the work assuming 500 µs (or 1 slot).
While (2) and (3) above do not into account for propagation delay, skipping a slot makes it difficult to utilize the remaining slot. In Rel-8 half-duplex, the Type A guard period was adopted where the UE is not required to receive the last part of a downlink subframe immediately preceding an uplink subframe. This was useful since at least the control region (PCFICH, PHICH and PDCCH) is preserved. In contrast, for Rel-13 MTC UE, the control region (PCFICH, PHICH and PDCCH) is no longer applicable, except possibly for the trivial case of 1.4 MHz system bandwidth. Thus the simpler solution is to adopt Type B guard period also for (2) and (3), where a subframe is allocated as a guard subframe. It is pointed out that this should be acceptable since the reduced bandwidth UE is not required to provide high data throughput. 
Proposal:

· In RAN1, for FDD and TDD, one guard subframe is assumed for changing carrier frequency in both UL and DL.
2.2 Downlink DC subcarrier
Another issue related to the reduced bandwidth is the location of the shifted DC subcarrier in the downlink, when the UE is configured to tune to a set of 6 PRB away from the center. This is due to the definition of an empty DC subcarrier in the construction of an OFDM symbol on the downlink.
Figure 1 and Figure 2 illustrate two options for how to handle the shifted DC subcarrier.

1. For the option in Figure 1, the degradation for the affected RB can be approximated to be around 1/12, i.e. 0.38 dB loss. The other RBs received by the UE would not be significantly affected.
2. For the option in Figure 2 the degradation should be smaller.
The degradation is relatively modest either way. It is up to RAN4 to make a recommendation on which option to use in handling the shifted DC subcarrier. For the purpose of progressing RAN1 work, we do not see the DC subcarrier as an issue.
Proposal:

· It is up to RAN4 to decide the location of the shifted DC subcarrier.
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Figure 1: The shifted DC subcarrier is aligned with a subcarrier in a RB.
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Figure 2: The shifted DC subcarrier is not aligned with any existing subcarrier.

3 Reduced maximum transmit power

According to the WID, the maximum transmit power of the new UE power class should be determined by RAN4 and should support an integrated power amplifier (PA) implementation. Enabling PA integration is considered an important aspect of UE complexity reduction by many companies. Different vendors may have different preferences regarding whether and when to do the PA integration. Therefore it is not obvious that it should be mandated that all Rel-13 low complexity UEs have to use the new UE power class, and the physical layer should preferably be designed in such a way that is agnostic to how UE categories, UE capabilities and UE power classes are combined.
Observation:

· The physical layer design should preferably not make any assumptions on the UE power class utilized by a reduced bandwidth UE.

4 Other complexity reduction techniques

In contribution [4] we expressed our views on other complexity reduction techniques listed in the WID [1]. RAN1#78bis agreed on some working assumptions related to two of these techniques (reduced maximum TBS, and reduced support for simultaneous reception).
We also think that the remaining complexity reduction techniques (reduced support for downlink transmission modes, relaxed transmit and/or receive EVM requirements, reduced physical control channel processing, and reduced physical data channel processing, reduced support for CSI reporting modes) may lead to simplifications in the physical channel design for reduced bandwidth and/or enhanced coverage UEs and should therefore be kept in mind.

RAN1 may want to ask RAN4 for guidance on potential merits of relaxation of transmit and/or receive EVM requirements, from UE complexity point of view.

Proposal:

· Ask RAN4 for guidance on potential merits of relaxation of EVM requirements for Rel-13 low complexity UEs.

5 Conclusions
In this contribution we discussed the complexity reduction techniques for Rel-13 low complexity UEs. Based on the discussion, we have the following proposals and observation.

Proposals:

· In RAN1, for FDD and TDD, one guard subframe is assumed for changing carrier frequency in both UL and DL.

· It is up to RAN4 to decide the location of the shifted DC subcarrier.

· Ask RAN4 for guidance on potential merits of relaxation of EVM requirements for Rel-13 low complexity UEs.

Observation:

· The physical layer design should preferably not make any assumptions on the UE power class utilized by a reduced bandwidth UE.

References
[1] RP-141660, “New WI proposal: Further LTE Physical Layer Enhancements for MTC”
[2] R4-140776, “HD-FDD Switching Time for Low Cost MTC UE, ” Ericsson
[3] R1-141118, “HD-FDD operation of low cost UEs based on the LS reply from RAN4,” Huawei, HiSilicon
[4] R1-143785, “UE complexity reduction for MTC,” Ericsson

1/4


