3GPP TSG RAN WG1 Meeting #80


R1-150550
Athens, Greece, 9th – 13th Feb 2015

Agenda Item:
7.2.1.2.1
Source:
Lenovo
Title:
DL physical control channels for MTC
Document for:
Discussion and decision
1 Introduction
A WI on further LTE physical layer enhancements for MTC has been approved in Rel-13[1]. Several detailed objectives are proposed including:

· New Rel-13 low complexity UE category/type for MTC operation.
· Relative LTE coverage improvement corresponding to 15 dB for FDD.
· Power consumption reduction. 
In order to meet the requirements above and support new features for Rel-13 MTC UE, new DL physical control channels should be added and redesigned. In the last RAN1 meeting [3], some agreements for DL physical control channel design are achieved as follow. 
· The new Rel-13 MTC UE should support narrow bandwidth operation of 6RBs in both RF and baseband with possible retuning to another narrowband region for communication. 
· Reduced bandwidth UEs should be able to operate within any system bandwidth, and frequency multiplexing of different UEs should be supported. 
· RAN1 recommends that RAN2 consider introducing new SIB(s) for new Rel-13 low complexity UEs in normal and enhanced coverage.

· Legacy PCFICH, PDCCH and PHICH are not received by new Rel-13 low complexity UEs at least for system BW>1.4MHz, etc.

In this contribution, we continue to discuss the impacts on DL physical control channels with the introduction of new MTC UE and share our views on how to design channels to support these features.  In our views, for bandwidth reduced MTC UE, PCFICH, PDCCH and PHICH functionality should be redesigned for the failure of detection of legacy control channel with the system bandwidth larger than 1.4MHz, while the system bandwidth is equal to 1.4MHz, these legacy physical control channel should be reused by Rel-13 MTC UE with the compatibility consideration.
2 MTC DL physical channel allocation illustration

Before give our consideration of physical control channel design for Rel-13 new MTC UE, we would like to define the illustration of the new MTC UE dedicated narrowband region and share the whole image of the downlink channel allocation in Rel-13. The newly designed control channel should be multiplexed with legacy physical channel with little impact on legacy systems. 
2.1 MTC narrowband (NB) allocation 
In frequency domain, in order to simplify the resource scheduling and refer to the narrowband (NB) within the total system bandwidth, the total number of PRBs could be split into several narrowband where each narrowband consists of 6 PRBs in frequency domain. An example is depicted in Figure 1. In this example, the total number of PRBs is 100 with system bandwidth of 20MHz. The center 6PRB band which contains e.g. PSS/SSS & PBCH and system bandwidth edges band where there are “incomplete” PRB groups consisting of less than 6 PRBs are not suitable for MTC narrowband communication. Other 14 narrowband with size of 6PRBs are available for MTC narrowband communication.  The new MTC UE could operate in any narrowband described above and the narrowband is easily indicated by control signaling.
In time domain, the legacy PDCCH occupies the first several OFDM symbols, the remaining OFDM within the subframe is PDSCH/EPDCCH, and the starting symbol of the PDSCH/EPDCCH is confirmed by the CFI value. The new MTC UE dedicated narrowband region should multiplex with legacy PDSCH/EPDCCH in the remaining OFDM within the subframe. The starting symbol of narrowband region in time domain is confirmed by “NB_CFI” as discussed in the following part.
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Figure 1: Narrowband allocation in frequency illustration (100 PRBs in total).

2.2 DL Physical channel allocation

The total illustration for DL physical channel allocation is shown in Figure 2. In Rel-13 MTC UE, PDSCH resource allocation and related control information should be indicated by a physical downlink control channel. This physical downlink control channel for MTC UE could be based on the NB_EPDCCH (common) and NB_EPDCCH (ue specific) on available narrowband in our view. The NB_EPDCCH (common) occupy the first several OFDM symbols in the narrowband region for common information indication and NB_EPDCCH (ue specific) is multiplexing with PDSCH in frequency in the remaining part of the narrowband region for different MTC UE. 
PHICH functionality for Rel-13 MTC UE which is labeled as “NB_PHICH” is designed within the MTC narrowband region. NB_PHICH would use one of the OFDM symbols of the narrowband region to support PHICH function.
Here NB_SIB which will be aligned with PBCH and will be transmitted only in the center 6 RB in physical resource allocation illustration will have reduced payload that focuses only on MTC UE narrowband and related parameters indication, such as narrowband resource allocation indicator, MTC UE random access parameters indicator, etc. This newly designed channel should have much slower update rate than regular SIB, and can provide additional information to confirm the MTC UE data communications.
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Figure 2: Downlink physical channel allocation for MTC illustration.
3 DL physical control channels for MTC
3.1 NB-PCFICH

According to the agreement in the RAN1 #79 meeting [3], Rel-13 low complexity UEs do not need to decode legacy PCFICH at least for system BW>1.4MHz as follow. 
Agreement:
· Legacy PCFICH, PDCCH and PHICH are not received by Rel-13 low complexity UEs at least for system BW>1.4MHz

· CFI where the UE can start control/data reception is provided by one of following alternatives
· Alt. 1: Signaling in MIB
· Alt. 2: Signaling in SIB
· CFI is a fixed value predefined in the specification at least for PDSCH for at least part of system informations
· Alt. 3: Fixed in a specification for all subframes
· Note: RAN1 will conclude it among above 3 alternatives in RAN1 #80 meeting
PCFICH carries the CFI value which is the information about the number of OFDM symbols used for transmission of PDCCHs in a subframe, the set of OFDM symbols possible to use for PDCCH in a subframe is given by Table 6.7-1 in TS 36.211[2]. From the table, if the system bandwidth is larger than 1.4MHz, the maximal possible number of PDCCH symbol is 3 for all scenarios, otherwise the maximal possible number of PDCCH symbol is 4.
For a legacy UE, the starting symbol of the PDSCH/EPDCCH is confirmed by the CFI value; for example, the starting symbol of the PDSCH/EPDCCH is the third OFDM symbol when the CFI value is 2 for the system bandwidth larger than 1.4MHz. 
For a Rel-13MTC UE, UE fails to decode the PCFICH with the system bandwidth larger than 1.4MHz, the starting symbol of MTC downlink resource may not be known. Therefore, the starting symbol of MTC downlink resource need to be discussed when MTC UE available bandwidth is reduced to 1.4 MHz in downlink.

Based on the agreement above, if CFI information is conveyed by MIB or SIB signaling in the first two solutions, more physical resource and more standard effort should be needed.  So fix the CFI for narrowband MTC UE (NB_CFI) in the specification for all subframes is more preferred for the standard simplification.
As we know, PBCH should be transmitted on the carrier center, and MTC UEs could switch back to carrier center for PBCH when required. MIB information carried by PBCH includes 8bits SFN information, 3 bits downlink system bandwidth information, 3bits PHICH configuration information and 10 spare bits. System bandwidth information is not changed frequently and easily achieved by MTC UE with the decoding of PBCH in center 1.4MHz carrier, so with the information of system bandwidth, the NB_CFI could be determined with a simple way. For example, if the system bandwidth is 1.4MHz in downlink, the PBCH and PCFICH could be detected by MTC UE within operating bandwidth of 1.4MHz. If the system bandwidth is larger than 1.4MHz, the legacy CFI detection is ignored and narrowband CFI value could be predefine as fixed value of 3 which is the maximal possible value for all scenarios as shown in Figure 3. This solution is simple without additional standard effort and MTC UE will save power with no need to detect additional indication channel for NB_CFI.
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Figure 3: NB_CFI determination illustration based on system bandwidth.
Proposal 1: For downlink subframe, the NB_CFI value should be determined by system bandwidth. For system bandwidth is larger than 1.4MHz, fixed value in specification should be used for all subframe.
3.2 NB-PHICH
In legacy system, ACK/NACK feedback for UL data transmission is carried by PHICH, which is transmitted within the entire DL bandwidth. However, Rel-13 MTC UEs cannot decode PHICH due to bandwidth reduction in downlink while the system bandwidth is larger than 1.4MHz; there will be some challenges for Rel-13 MTC UEs to receive HARQ for PUSCH.
There are two possible solutions to solve the uplink HARQ information transmission. One possible solution is PHICH operation on EPDCCH. The method is to follow relay backhaul link method, and replace HARQ NACK feedback for PUSCH with UL grant on EPDCCH. eNB transmit UL grant on EPDCCH to indicate NACK and trigger HARQ retransmission for MTC UE. If PUSCH is correctly received by the eNB, it may be acceptable to not inform the UE of the PUSCH ACK status and to leave the UL-SCH transport block in the UE’s transmit HARQ buffer. This alternative can be a straightforward solution without large specification impact. However, considering the population of MTC UE operation deployed in a cell, control overhead for UL grant to indicate HARQ NACK instead of PHICH will be large, which is expected to be reasonable for relay case because the small number of relay nodes can be assumed in a cell. Moreover, if the coverage improvement technique e.g. repetition on the transmission of EPDCCH is applied, the resource overhead will be much larger as described in [4].

Another possible solution is to design a new HARQ channel (i.e., EPHICH) for MTC UEs, which can fit into 1.4MHz [5]. Of course, some specification impact can be expected. Assuming a large number of MTC UE, the resource overhead of UL grant DCI for NACK indication instead of PHICH is not negligible. To avoid the resource overhead, introducing a new physical channel e.g. NB_PHICH to indicate 1 bit HARQ ACK/NACK feedback on PDSCH region can be considered. If NB_PHICH is introduced, a certain amount of physical resource in MTC narrowband region should be assigned for NB_PHICH. Here NB_PHICH would be to use one of the OFDM symbols of the narrowband region to support PHICH and the other symbols to support EPDCCH / PDSCH in our view. Different HARQ information bit for different UE could be CDM multiplexing in the same resource element as in legacy PHICH. Therefore, in order to maximize the resource utilization efficiency, it should be carefully investigated that how many REs should be assigned for NB_PHICH in a PRB and how to multiplex EPHICH with EPDCCH and PDSCH. Figure 2 gives one of our illustrations of NB-PHICH and other physical control channel, here NB_PHICH requires 12 resource elements to transit a single ACK/NACK bit, and these 12 resource elements can be code-multiplexed to support multiple UE.
Based on the above, our understanding is that PHICH operation on EPDCCH is less efficient than NB_PHICH. Given that MTC is likely to be control signaling limited, our opinion is that NB_PHICH with an efficient PUSCH ACK / NACK feedback signaling scheme is required.
Proposal 2: Reduced bandwidth MTC UE should use one of the OFDM symbols of the narrowband region labeled “NB_PHICH” to support PHICH functionality.
3.3 NB_EPDCCH
Since a new MTC UE category is unable to decode legacy PDCCH with the system bandwidth larger than 1.4MHz, it is agreed that the physical downlink control channel for MTC is transmitted within a narrowband (6 PRBs) and not mapped to legacy control regions. EPDCCH is introduced as ue-specific control channel for Rel-12 LTE MTC. However, the common control channel transmitted by PDCCH fails to be detected due to bandwidth reduction in downlink.
There are two possible solutions to solve the common control channel transmission issue. One possible is to enhance the current EPDCCH design for addition of common search space. In order to support the scheduling of common control channel, i.e., SI/RAR/Paging, EPDCCH with common search space needs to be defined which would need certain specification efforts. This solution may achieve better scheduling flexibility due to the fact that as EPDCCH and PDSCH are multiplexed in the frequency domain, eNB can schedule the PDSCH transmission for legacy UEs within allocated MTC regions when MTC traffic loading is low [6][7]. It is obvious that relying on an EPDCCH-based design may run the risk of increasing the UE processing requirements for subframe-based control channel and common control information transmitted many times for different UE.
Another solution is to reusing the existing EPDCCH with UE-specific search space for unicast scheduling and designs new NB_EPDCCH (common) for common control message scheduling. If all cell-common PDSCHs  are transmitted via predefined resource or their resource locations are indicated by other way, it would be required to transmit EPDCCH scrambled by SI-RNTI, P-RNTI, and/or RA-RNTI via EPDCCH common search space. In our view, it would desirable to transmit NB_EPDCCH in the first several symbols in MTC narrowband region to schedule some cell-common PDSCHs and then all MTC UEs within the MTC narrowband region should receive cell-common PDSCHs. In order to support enhanced converge scenarios, different aggregation level for common control  information should be considered, DCI with aggregation level 4 needs at least 2 symbols while DCI with aggregation level 8 needs at least 4 symbols in the narrowband region. The detailed symbols occupied by NB_EPDCCH (common) should be implicitly indicated by other way, for example, repetition level carried by RRC signaling. The repetition level and aggregation level build one to one mapping relationship, and this would also help to reduce the power consumption for MTC UEs with reduced bandwidth by skipping the EPDCCH decoding.
UE-specific NB_EPDCCH is multiplexing with PDSCH within the remaining MTC narrowband region as shown in Figure 2. To limit the number of blind decoding attempts, one option is to define one search space type for normal coverage UEs, and a different search space type for enhanced coverage UEs. The search space type can be configured by eNB via higher layer signaling.
Proposal 3: New NB_EPDCCH (common) should be introduced as new physical control channel for a new MTC UE for common control message scheduling.

4 Conclusion
This contribution gives some discussion and views on the downlink control channel design based on the latest agreements, including the PDCCH, PCFICH, and PHICH. The following proposals are presented:

Proposal 1: For downlink subframe, the NB_CFI value should be determined by system bandwidth. For system bandwidth is larger than 1.4MHz, fixed value in specification should be used for all subframe.
Proposal 2: Reduced bandwidth MTC UE should use one of the OFDM symbols of the narrowband region labeled “NB_PHICH” to support PHICH functionality.

Proposal 3: New NB_EPDCCH (common) should be introduced as new physical control channel for a new MTC UE for common control message scheduling.
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