3GPP TSG RAN WG1 Meeting #78bis
R1-144035
Ljubljana, Slovenia, 6th – 10th October 2014
Agenda Item:
7.3.1.1.1
Source:
LG Electronics

Title:
Discussion on low cost UEs
Document for:
Discussion and decision
1 Introduction
In RAN#65, a WI on a new UE for MTC operation [1] has been approved.  This contribution discusses design considerations for a low cost UE. 
2 Discussions
2.1 UE capabilities
According to WID, a new UE category/type for MTC operation based on Rel-12 Cat-0 UE with additional capabilities is targeted in Rel-13.  The additional capabilities include 

1) Reduced UE bandwidth of 1.4MHz of DL and UL

2) Reduced maximum transmit power

3) Reduced support for DL transmission mode

4) Potential other techniques for UE processing relaxation

As there are multiple additional capabilities proposed for a new UE category/type, it needs to be clarified that whether the additional capabilities will be mandated for the new UE category/type or those are optional capabilities. Based on this, the design to support a new UE category/type can be impacted. Given that there are diverse MTC applications from smart metering to smart electronics where a certain MTC application may require very efficient power consumption whereas another application may require limited bandwidth, it is desirable to consider the additional capabilities are rather optional capabilities. In terms of bandwidth reduction, since this requires different initial access mechanism (for example, SIB transmission over a narrow-band), we think that Rel-13 MTC design should assume that a UE may require the support on reduced bandwidth. 
Thus, we consider a new UE category/type can support the following as optional features:
· Reduced power – optional
· A new UE may not require reduced maximum transmit power. Thus, reduction of power should not be mandated for a Rel-13 low complexity UE. 

· Reduced TM – optional

· Given that not so great cost saving with reduced TM, we consider this should not be mandated for a Rel-13 low complexity UE.

· Techniques for UE processing relaxation – optional
· Considering potential impacts on scheduling, multiplexing and timing, if any technique is considered, it can be mandated for a low cost UE. 
· Coverage enhancement 

· Depending on its potential application, coverage enhancement may not be needed. Thus, this can be optional feature. However, from the design perspective, with single RX/RF chain and reduced transmit power of a low complexity UE, it can be assumed that a low cost UE would require coverage enhancement. 
· Power saving techniques

· With diverse need of MTC devices, we think that this capability can be optionally supported. 
From the network operation perspective, it is also considerable that the network may support one or a subset of features only. For example, a network supports bandwidth reduction but not support transmission power reduction. However, it is yet unclear supporting a low complexity UEs without supporting coverage enhancements needs to be prioritized. In our view, the design on a low complexity UE with coverage enhancement can be prioritized over the low complexity UE without coverage enhancement.
Furthermore, consideration to Rel-12 Cat-0 UE should be clarified. For example, it is desirable that Rel-12 Cat-0 UE can be supported by a network which supports Rel-13 new UE category/type. 
2.2 Discussions on initial access for a Rel-13 low complexity UE
As mentioned before, though that a transmission mode reduction or uplink power reduction will be introduced for Rel-13 low complexity UE, in our view, to maximize the utilization of a MTC device, if the device can support wideband bandwidth, it should be desirable to be supported by a Rel-12 network which supports Cat-0. In other words, we do not see a major reason to optimize Rel-13 MTC design to support a low complexity UE without reduced bandwidth reduction. In this sense, Rel-13 MTC design should assume that a UE would support only 1.4MHz. Thus, if the network supports Rel-13 MTC UE, it at least means that it supports a UE with reduced bandwidth to 1.4MHz. 
Therefore, in terms of initial access, Rel-13 MTC supporting network should provide a separate initial access procedure for a Rel-13 low complexity UE, which at least includes control/data transmission confined within 1.4MHz. Given the RF reduction to 1.4MHz, it should be also assumed that 1.4MHz over contiguous PRBs (e.g., 6 PRBs) is assumed for a low cost UE. 

In terms of initial access procedure, we do not see a major reason to change the procedure even with consideration of power consumption (see our companion contribution [2]). Thus, a UE can attempt to access a cell by 

1) Cell identification and measurements

2) Read PBCH/SIB

3) RACH procedure

4) RRC configuration and cell association

For the first step, even with 1.4MHz RF capability, it seems no critical issue is identified to share legacy PSS/SSS. To minimize the overhead and allow fast cell identification, we think that a Rel-13 UE can also rely on the existing PSS/SSS. 
For the second step, without considering coverage enhancement, it is also natural to share PBCH between different types of UEs to minimize the overhead. A low cost UE can read PBCH to acquire at least SFN and potentially system bandwidth. Considering coverage enhancement, if a new PBCH for a low complexity UE is introduced, a UE requiring CE may not require reading legacy PBCH. However, sharing SIB seems a bit challenging unless the resource allocation and MCS of at least SIB1 is prefixed. Thus, it is natural to consider a separate SIB for a low complexity UE. By reading this separate SIB, a low complexity UE can identify whether the network supports a low complexity UE or not. The new SIB should include at least a separate PRACH configuration for a low complexity UE such that the network can identify there is a low complexity UE accessing the network and supports subsequent procedure (for example, sending RAR within a limited bandwidth). 
Proposal 1: Introduce new SIB(s) for a low complexity UE. The new SIB can be used as an indication whether the network supports the low complexity UE or not. 

Another potential issue whether a low complexity UE (without supporting wideband bandwidth) can access 1.4MHz system bandwidth of Rel-12 network which supports Cat-0. Though this needs further investigation, given that there are not many carriers of 1.4MHz system bandwidth available and potential UE complexity to allow two different implementation (such as for control channel access for cell broadcast traffic), unless clear benefits are shown, we consider that a low complexity UE (without supporting wideband bandwidth) can access only Rel-13 network supporting the low complexity MTC operation. 

2.3 Discussions on multiplexing between UEs
According to WID, frequency multiplexing of bandwidth reduced UEs and non-MTC UEs should be supported. There are a couple of clarifications needed in terms of frequency multiplexing. 
1) Whether to allow frequency multiplexing of bandwidth reduced UEs and Rel-12 Cat 0 UEs

2) Whether to allow frequency multiplexing among bandwidth reduced UEs

3) Whether PDSCH of legacy UE(s) can be scheduled within 6PRBs used by a bandwidth reduced UE

4) Whether control channels between legacy UEs and Rel-13 low complexity UEs can be shared in a PRB

5) PRB mapping for a reduced bandwidth UE in various system bandwidths such as 3MHz and 5MHz.

For each issue, the following captures our views. 
1) Whether to allow frequency multiplexing of bandwidth reduced UEs and Rel-12 Cat 0 UEs
· Given that Rel-12 Cat 0 UEs can be scheduled anywhere within a system bandwidth, we do not see a reason not to allow the multiplexing. Thus, this should be supported.

2) Whether to allow frequency multiplexing among bandwidth reduced UEs

· To allow potential FDM among bandwidth reduced UEs, unless UEs are scheduled within the same 6PRBs, it is necessary to support two UEs to monitor different 6PRBs. In other words, in a TTI, more than one subband of 6PRBs may be allocated for bandwidth reduced UEs. This requires considerable specification efforts and increases UE complexity. The expected specification impacts include creation of subband including handling of DC and alignment with legacy RBG/PRGs, handling of frequency switching for a UE to switch between subband to read cell-common data and unicast data, etc. The UE complexity may increase depending on the solutions of multiplexing mechanisms. Thus, FDM among bandwidth reduced UEs should be carefully considered with clear benefits and motivation. 

3) Whether PDSCH of legacy UE(s) can be scheduled within 6PRBs used by a bandwidth reduced UE

· This should be also supported. 

4) Whether control channels between legacy UEs and Rel-13 low complexity UEs can be shared in a PRB

· This may depend on the design of control channels for low complexity UEs. This requires further considerations and progress. 
5) PRB mapping for a reduced bandwidth UE in various system bandwidths such as 3MHz and 5MHz
· Even though FDM among bandwidth reduced UEs may be not supported, and thus, a reduced bandwidth UE may access only the center 6PRB, clarification on RB mapping is needed for the UE especially in a system bandwidth which has odd numbers of PRBs (e.g., 3MHz and 5MHz). Overall two options are considerable – use the 1.4MHz PRB allocation regardless of actual system bandwidth or follow PRB allocation for the given system bandwidth as illustrated in Figure 1. The first approach leads misaligned RB allocation between bandwidth reduced UEs and legacy UEs, which may complicate the network scheduling. The second approach may require additional handling from a UE side. 
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Figure 1. Illustration of two RB allocation options

Proposal 2: Frequency multiplexing among bandwidth reduced UEs needs careful consideration on trade-offs between potential benefits, and specification impact and UE complexity.

.  

Proposal 3: Further study is needed for RB allocation for bandwidth reduced UEs in an odd system bandwidth.
2.4 Considerations on control channel for bandwidth reduced UEs
As a bandwidth reduced UE cannot access PDCCH transmitted over the wideband system bandwidth, a separate transmission of control channel is needed (here this is referred as MTC-PDCCH). To minimize the impacts on legacy UEs and allow scheduling of DCIs in the same TTI for legacy UEs, protection of legacy PDCCH region is needed. Thus, control channel for bandwidth reduced UE will be placed in PDSCH region. The starting symbol of control channel for bandwidth reduced UEs, for the simplicity, can be prefixed such as OFDM symbol #3 in the first slot considering the maximum three OFDM symbols can be used for legacy PDCCHs. 
Proposal 4: Starting OFDM symbol of MTC-PDCCH is prefixed. 

Considering that 6PRBs used by a bandwidth reduced UE can be shared with legacy UEs, it is desirable to allow flexibility of transmitting MTC-PDCCHs only in a few PRBs. 
Proposal 5: Further consider placing MTC-PDCCHs in a limited number of PRBs

Moreover, the following considerations in terms of design MTC-PDCCH are needed. 

· In general it is expected that there is a large population of MTC UEs in the system. Thus, multiplexing capability of MTC-PDCCHs should be considered. 

· As only a limited bandwidth is usable for bandwidth reduced UEs, efficient resource utilization should be further considered. For example, if the starting symbol of MTC-PDCCH is fixed where legacy PDCCH may not utilize the maximum number of OFDM symbols, further consideration to utilize those unused REs is necessary. 
· To provide power consumption reduction, MTC-PDCCH may need to be allocated to all available REs in a subframe so that the number of required subframes for repeated MTC-PDCCHs can be minimized. 
To allow flexible resource utilization, it seems that EPDCCH-based MTC-PDCCH design seems a natural choice. 

Proposal 6: Start with EPDCCH to design MTC-PDCCH. 

3 Conclusion
This contribution discusses aspects related to low complexity UEs. The following captures the proposals. 
Proposal 1: Introduce new SIB(s) for a low complexity UE. The new SIB can be used as an indication whether the network supports the low complexity UE or not. 

Proposal 2: Frequency multiplexing among bandwidth reduced UEs needs careful consideration on trade-offs between potential benefits, and specification impact and UE complexity.

.  

Proposal 3: Further study is needed for RB allocation for bandwidth reduced UEs in an odd system bandwidth.

Proposal 4: Starting OFDM symbol of MTC-PDCCH is prefixed.
Proposal 5: Further consider placing MTC-PDCCHs in a limited number of PRBs

Proposal 6: Start with EPDCCH to design MTC-PDCCH.
4 References

[1] RP-141660, “Further LTE Physical Layer Enhancements for MTC”, Ericsson, Nokia Networks
[2]   RI-144037, “Discussions on UE power consumption reduction”, LG Electronics
