3GPP TSG RAN WG1 Meeting #78bis
R1-143717
Ljubljana, Slovenia, October 06- 10, 2014
Agenda Item:
7.3.1.2.1
Source:
Huawei, HiSilicon

Title:
Downlink control channel design for MTC UEs
Document for:
Discussion and decision
1 Introduction
A new work item of “Further LTE Physical Layer Enhancements for MTC” was approved in the RAN#65 meeting [1], aimed to a new Rel-13 UE category/type for MTC with low complexity and relative LTE coverage improvement, based on the Rel-12 low complexity UE category/type. As described in the WID, for both low complexity and coverage improvement,

· The agreements and working assumptions made during the initial work carried out during the corresponding Rel-12 work item should be used as a starting point when applicable.

This contribution gives some discussion on the design of downlink control channels, including the (E) PDCCH, PCFICH, and PHICH, considering both of the new WID and the agreements / working assumptions of the Rel-12 work item.
2 Discussion
For the bandwidth reduction of the low complexity, if the bandwidth-reduced (NB, narrow band) MTC UE located in a system, the system bandwidth of which is larger than 1.4MHz, it cannot decode the PDCCH, legacy PCFICH, and legacy PHICH channel. For these channels are distributed over all the system bandwidth, but the NB MTC UE can only support 1.4MHz RF system bandwidth.
Some new designs may be considered to realize the functions of these channels if no change is done with these channels. The subsections following give more discussion on each of the three channels.  
2.1 (E)PDCCH

2.1.1 For the bandwidth reduction of low complexity
According to the analysis above, the NB MTC UEs cannot decode the legacy PDCCH. The EPDCCH channel can be used as an alternative. However, some problems should be considered if replacing PDCCH by EPDCCH entirely. 
· Firstly, the CSS on EPDCCH should be designed. According to the finished specification, the EPDCCH is used only for UE-specific message transmission, and the legacy UEs can receive common message by monitoring CSS on PDCCH. However, for the new NB MTC UEs, they have no chance to receive the common message by monitoring PDCCH, and have also no chance to receive any EPDCCH configuration through RRC signaling like legacy UEs, before they have received the common message. 
If a CSS for the NB MTC UEs is designed some mechanisms as following should be considered to configure the new designed CSS EPDCCH resources:
· Fixed: the CSS EPDCCH resources are fixed
· Dynamic Frequency Hopping: the CSS EPDCCH resources are hopping according a formula 
The former is easy to realization, and has less specification efforts, but has no frequency diversity gain. The latter is inverse, which can get some frequency diversity gain, but results in more specification efforts.

Obviously, the new designed CSS EPDCCH can also be used by legacy UEs if necessary and the CSS EPDCCH resources can be easily configured to legacy UEs by RRC signaling. 

As discussed in 2.1.2 and in [3], for coverage improvement UEs, some (E)PDCCH-less mechanism can be considered for common message transmission. We can get the following proposal, 
Proposal 1: At least for the new low complexity MTC UEs without coverage improvement, 
· EPDCCH should be supported for dedicated message transmission.
· If EPDCCH for common message transmission is supported, a new CSS EPDCCH should be designed. 
· How to configure the resources used for CSS EPDCCH should be considered.
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Figure 1 the resources for EPDCCH and data
· Secondly, cross-subframe and cross-narrow band scheduling. The system may allocate several narrow bands for the new bandwidth reduction MTC UEs. The relationship between the EPDCCH resources and the narrow band resources is  shown in Figure 1:
· Option 1: A narrow band is used only for EPDCCH or for data, as narrow band 1&2 in left figure, and narrow band 2 in right figure: 
· Cross-subframe & cross-narrow band scheduling has to be used

· The retuning is needed for each data transmission

· More resources can be used in one narrowband for data transmission

· Some resources may be wasted, if there is less data needed to be scheduled or transmitted

· Option 2: A narrow band is used for both EPDCCH and data through FDM, as narrow band 1 in  right figure:

· Cross-subframe or cross-narrow band scheduling may not be needed

· The retuning may not be needed for each data transmission

· Less resources in the same narrow band can be used for data transmission
· More flexible on the EPDCCH and/or data resources allocation
Which option should be used and the corresponding use scenario need to be discussed and determined firstly.  And as reflected in the Rel-12 agreement from RAN1#75:
· For UEs in enhanced coverage mode for MTC, if/when PDSCH is indicated via (E)PDCCH:

· The relation of PDSCH timing to (E)PDCCH timing shall be known to UE and shall not be configurable by higher layer parameter dedicated only for this purpose and shall not be indicated by (E)PDCCH. FFS on how to derive it or fixed by spec.

· Assigned PDSCH is transmitted not before end of (E)PDCCH, i.e., if subframe n is the last (E)PDCCH repetition then PDSCH start n + k (k > 0)
This means that, cross-subframe scheduling need to be supported by Rel-12 coverage improvement UEs. Cross-subframe scheduling can be used as the starting point when talking about at least coverage improvement in Rel-13. 
As also shown in WID,
· The work with the physical layer control signalling (e.g. EPDCCH) and higher layer control signalling (e.g. SIB, RAR and Paging messages) should aim for a high level of commonality between the solutions for the new Rel-13 low complexity UEs and the solutions for coverage enhanced UEs.

Cross-subframe scheduling can also be extended in the bandwidth reduction case for simplification as an option for the purpose of a high level of commonality.
Proposal 2: If /when PDSCH is indicated via (E)PDCCH, cross-subframe scheduling should be supported by the coverage improvement UEs, and by the new low complexity UEs with or without coverage improvement.
2.1.2 For coverage improvement

As discussed in [3], if PDCCH is eliminated, the UEs have to keep monitoring some fixed or predefined PDSCH resources for UE-specific transmission. As a result,
· The UE operational complexity will increase assuming the detection of PDSCH is more intensive than PDCCH
· Power consumption and resources can be wasted if there is no DL transmission for the UEs on the fixed or predefined resources.

· The performance may be degraded if a group of UEs transmit UL data by contention on the same fixed or predefined PUSCH sources.

The analysis above is also suitable for EPDCCH used for the new NB MTC UEs. 

Based on the analysis, the following proposal can be given,
Proposal 3: For coverage improvement, (E)PDCCH scheduling for UE-specific data should be supported. 

However, if PDCCH is used for common messages include paging, SIBs and RAR, 
· CCE blockage would happen if no new common search space is defined, for more PDCCH resources (e.g., more CCEs) are needed for coverage improvement, but the maximum number of CCEs allocated for the common search space is 16 in a subframe.

· PDCCH for common messages may collide with each other for coverage limited UEs and UEs in good channel conditions as long as PDCCH is still needed. 
As a result, UE’s access time, paging-to-awaking time will be prolonged and the UE’s power consumption will be increased. 
For common message transmission in coverage improvement case, the PDCCH can be eliminated, and a scheduling restriction (e.g., use of fixed or pre-defined resources and fixed MCS) can be considered. 
The analysis above is also suitable for EPDCCH used for the new NB MTC UEs. 

Proposal 4:  (E)PDCCH for common messages could be eliminated, and  a restricted scheduling (e.g., use of fixed or pre-defined resources and fixed MCS) can be considered. 
2.2 PCFICH
The CFI value is very important to confirm the starting symbol of the EPDCCH, if EPDCCH is used. It should make sure the MTC UE can get the CFI value easily and quickly.

As described in the WID, for coverage improvement the following technique can be considered,
· Elimination of use of control channels (e.g. PCFICH, PDCCH)

· Rel-12 agreements in RAN1#75 already state that legacy PCFICH is assumed to be eliminated for coverage improvement features: No need for UE to decode PCFICH in coverage enhanced mode.  Not to specify PCFICH repetition.
· FFS on how UE derives CFI
Therefore, some new design for CFI transmission has to be considered for both NB and CE MTC UEs.
For NB MTC, an easy way to transmit CFI is shown in Figure 2. The eNB can map the coded CFI value on the REs as its operation in a 1.4MHz system, and transmits the coded CFI value independently on the first symbol of the sub-band for NB MTC.
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Figure 2 NB CFI transmission
The method shown in Figure 2 may result in some impacts on the EPDCCH resource mapping to avoid the RE for the NB CFI, if EPDCCH is used in the MTC sub-band. And it will restrict the multiplexing of the EPDCCH resources between the legacy UEs and the NB MTC UEs, for the legacy UEs have no idea of the NB CFI RE mapping.
For coverage improvement, if explicit L1 indication of CFI is eliminated, there are three alternative mechanisms could be considered [2],
1) Different CFI for each subframe

2) Fixed CFI for expected subframe

3) Semi-static configurable CFI

The first one has the most complexity at the UE by virtue of the blind decoding attempts required. Compared to a fixed value that has the least blind decoding complexity, a configurable CFI could provide some flexibility according to the network load, however, some CFI configuring mechanism need to be defined, and the CFI value for any expected downlink subframe before configuration is still required to be specified, for example, could be a fixed value.
The mechanisms and related analysis above are also suitable for bandwidth reduction of low complexity. 
Proposal 5: For any downlink subframe that is expected to be decoded by the new low complexity and/or coverage improvement MTC UEs, CFI is specified with a fixed value.
2.3 PHICH
As reflected in the Rel-12 agreement from RAN1#75:

· HARQ in UL and DL is supported in coverage enhanced mode 

· FFS on the details of HARQ realization for PUSCH

· FFS on the number of HARQ processes
Note that this was followed in RAN1#77 by agreeing there was no change to the number of HARQ processes in Rel-12. This can be extended to low complexity case with or without coverage improvement. That is, for narrow band MTC UEs, the ACK/NACK of the PUSCH transmission should be realized by some mechanisms. 
Generally for non-NB UEs the HARQ-ACK feedback can be implemented through 2 options: PHICH or (E)PDCCH.  For the later operation, the corresponding ACK/NACK functionality could be realized by the New Data Indication (NDI) in the EPDCCH scheduling, which instructs UEs to transmit new data or retransmit [2]. In our previous work [4] we had compared these 2 options within CE mode and observed some benefits of PHICH on spectral efficiency and power consumption. 
However the situation is changing in the Rel-13 MTC as PHICH cannot be decoded in narrow band system. The EPDCCH solution can be used by the Rel-13 NB UEs for HARQ-ACK feedback, but the disadvantages of spectral efficiency and power consumption may need to be considered further.  

Therefore we have

Proposal 6: At least for the new low complexity MTC UEs, the ACK/NACK functionality can be realized by EPDCCH.

· The disadvantages of EPDCCH solution may need to be considered further.
3 Conclusions

This contribution gives some discussion on the downlink control channel design, including the (E) PDCCH, PCFICH, and PHICH, considering both of the new WID and the agreements / working assumptions of the Rel-12 work item. The following proposal and observations are presented:
Proposal 1: At least for the new low complexity MTC UEs without coverage improvement, 

· EPDCCH should be supported for dedicated message transmission.

· If EPDCCH for common message transmission is supported, a new CSS EPDCCH should be designed. 
· How to configure the resources used for CSS EPDCCH should be considered.

Proposal 2: If /when PDSCH is indicated via (E)PDCCH, cross-subframe scheduling should be supported by the coverage improvement UEs, and by the new low complexity UEs, with or without coverage improvement.

Proposal 3: For coverage improvement, (E)PDCCH scheduling for UE-specific data should be supported. 
Proposal 4:  (E)PDCCH for common messages could be eliminated, and  a restriction scheduling (e.g., use of fixed or pre-defined resources and fixed MCS) can be considered. 
Proposal 5: For any downlink subframe that is expected to be decoded by the new low complexity and/or coverage improvement MTC UEs, CFI is a specified fixed value.
Proposal 6: At least for the new low complexity MTC UEs without CE, the ACK/NACK functionality is realized by EPDCCH.

· EPDCCH can also be applied to UEs with CE, but may suffer from degradation of spectral efficiency and/or power consumption.
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