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1. Introduction
In RAN1#82, the following agreements were reached: 
Agreement:

· Starting offsets of the PUCCH resource(s) indicated by MTC SIB can be configured separately per PUCCH repetition level

· Detailed signaling is left to RAN2 by further considering the previous agreement regarding PUCCH narrowband region(s)

· FFS whether or not to have default value(s) for some repetition level(s)

· FFS how to determine a PUCCH repetition level for a UE

· At least for Rel-13 low complexity MTC UEs with no repetition, implicit PUCCH resource determination is used and it uses the mechanism for Rel-12 EPDCCH as a starting point. 

· FFS the details

· For UEs operating coverage enhancement for PUCCH

· Slot-level hopping across narrowbands is not supported.

In this contribution, we provide our view on the physical control channels for MTC. 
2. UL Control Channel Design 

Figure 1 shows an example of how legacy UEs and eMTC UEs are mapped to different PUCCH regions before and after frequency hopping. The entire PUCCH region are divided into different sub-regions for UEs with different coverage enhancement levels. eNB can configure the sub-regions to be separate or overlap with each other by setting the resource offset parameters. Because measurement for eMTC UEs with large coverage enhancement can be inaccurate at very low SNR, accurate power control will be difficult. To better control intra-eNB interference, eNB may also configure each sub region to have their own 
[image: image1.wmf]PUCCH

shift

D

 . eMTC UEs with no coverage enhancement has similar power to legacy UEs and should not be precluded from multiplexing with legacy UEs in the same PRBs. We therefore have following proposals.
Proposal 1:  Schedule legacy UEs in different PUCCH sub-regions from eMTC UEs in extended coverage. The PRBs of each sub-region could be interlaced.
Proposal 2:  A resource offset parameters are signaled from eNB to indicate the position of each sub-region. eNB may set the offsets to be different or same.
Proposal 3:  eNB may configure either the same or different   
[image: image2.wmf]PUCCH

shift

D

 value for different PUCCH sub-regions. 
Proposal 4: Should not to preclude possibility of multiplexing of legacy users with eMTC users in the same PRB 
Proposal 5:  Mapping DL narrowband region to UL PUCCH resources
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Figure 1- An example of bundling and frequency hopping for PUCCH resources assigned to eMTC UEs.
To achieve the maximum diversity gain, we propose frequency hopping at the edges of the system bandwidth, where frequency location should be switched every Y consecutive subframes, where Y is equal to or larger than bundle burst X, assuming re-tuning time is included in Y. For UEs with coverage enhancement i.e., bundling, to avoid constant collision and therefore reduce interference from both intra-eNB UEs and inter-eNB UEs, we have the following proposals. 
Proposal 6:  A cross-subframe resource index hopping pattern to randomize intra-eNB interference. PRB should remain the same during Y subframes. The mapping from resource index to orthogonal cover and shift indices can reuse the current spec.

Proposal 7: A cross-burst frequency hopping pattern to randomize PRBs in the entire PUCCH region to avoid constant inter-eNB collision, where hopping occurs at the edge of system bandwidth after retuning.
For many MTC applications, the devices are stationary. As a result, the channel state information does not change rapidly. Furthermore, the packet size is small and required data rate is low, therefore, there is no strong need to provide accurate channel state information. Frequent channel state information measurement as well as feedback can be very energy consuming.  We therefore has the following proposals:

Proposal 8: Don’t support bundling of periodic or aperiodic PUCCH CQI for large coverage enhancement UEs. 
Proposal 9:  Use a UE triggered channel state feedback mechanism when the measured channel is significantly different from the assigned MCS.
The coverage enhancement level should be linked to other uplink channels e.g., PRACH or PUSCH. PRACH should always go through before any other uplink channels. Therefore, before PUSCH is scheduled, the CE level of PUCCH can be based on PRACH. Otherwise, it can be based on the CE level of PUSCH. Since the frequency resources and payload sizes are different between PUCCH and other uplink channels, the required repetition number could also be different. There should be pre-determined mapping functions to map the repetition number of PRACH or PUSCH to that of PUCCH. 
Proposal 10:  PUCCH coverage enhancement level should be determined based on other uplink channels e.g., PRACH or PUSCH. The repetition number of PUCCH and that of PRACH or PUSCH should have a pre-determined mapping function.

3. CQI definition

It has been agreeded that CSI reference resource is extended to span M (M>1) subframes for UEs in small DL coverage enhancement. So there needs to be at least two sets of CQI definitions for M=1 or M>1. The at least two sets of CQI indices can be either in a single CQI table with non overlapping CQI indics for different M value, or in different tables and UE only reports CQI index corresponding to one particular table. When a UE is configured to do CSI measurement with a certain M value, the measurement result could be either too good or too bad due to the change of coverage needs. Thus UE needs to indicate the need of switching of coverage level to eNB. 

This can be done in two ways. One is naturally supported if we use single table for all M values. When a UE is configured to do measurement with a certain M value, and the result is either too good or too bad, it will perform additional measurement with different M values. For example, if M=1 and the result is too bad, the UE may perform a measurement with M’>1 value (the value is either semi-statically configured or fixed) and report the CQI index correspond to M’. The single CQI table will increase table size compared to one table per M value and thus increases CQI payload size. It also requires UE to be able to do additional measurement when switching is needed. 

Another way is to use multiple tables for different M values but add additional entries to indicate switching. For M=1, we need to add an entry to indicate the channel is too bad and a switching to a higher M value is needed. For M being the maximum value, we need to add an entry to indicate the channel is too good at current M value and a switching to a lower M value is recommended. For M value between 1 and the maximum value if there is any, we need to add two entries to indicate the need for switching up or down respectively. The extra entries may fit in the existing CQI tables or otherwise incur only one bit of increase to the payload. But additional measurement will be needed after eNB switch to a different M value. 

In summary, we have the following proposals:

Proposal 11: The definition of CQI tables needs to enable a UE to convey the need of switching between different coverage level when the measurement result based on M subframes is either too good or too bad. 

Option 1:  Define a single CQI table to include CQI indices for all M values. And allow UE to do additional measurement and report with M’ value different from the configured M value.

Option 2: Define multiple CQI tables for different M values and add extra entries in each table to indicate the need of switching M values. 
4. UL Control Channel Performance 

Figure 2 shows the simulation results. UCI Format 1a is used in the simulation and the ACK detection error probability (i.e., an ACK signal is detected as DTX or NAK) is plotted. The transmission of the PUCCH is repeated across consecutive subframes over the EPA 5 Hz channel, with two receive antenna at the receiver. The ACK false alarm is less than 1%. The link budget is listed in Table 2. 
For the results in Table 2, frequency hopping for improved frequency diversity further boosts the performance. For example, 32 transmissions are bundled into two groups, each of size 16, and transmitted on the two edges of the 10 MHz system band; channel estimation is averaged over 16 subframes. UE Tx power is 20dBm and eNB Noise Figure is 5dB.
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Figure 2- ACK Error rate for PUCCH with bundling and frequency hopping.

Table 2 Uplink control signal link budget vs different bundle size
	Bundle-Size
	1
	2
	4
	16
	32
	64

	Req. SINR
	-5.5
	-11
	-14
	-20
	-22
	-26

	MCL
	141.94
	147.44
	150.44
	156.44
	158.44
	162.44


5. Summary
In this contribution we presented our views on the techniques for physical control channels. We make the following proposals for MTC UE in enhanced coverage:

Proposal 1:  Schedule legacy UEs in different PUCCH sub-regions from eMTC UEs in extended coverage. The PRBs of each sub-region could be interlaced.

Proposal 2:  A resource offset parameters are signaled from eNB to indicate the position of each sub-region. eNB may set the offsets to be different or same.

Proposal 3:  eNB may configure either the same or different   
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 value for different PUCCH sub-regions. 
Proposal 4: Should not to preclude possibility of multiplexing of legacy users with new users in the same PRB 
Proposal 5:  Mapping DL narrowband region to UL PUCCH resources

Proposal 6:  A cross-subframe resource index hopping pattern to randomize intra-eNB interference. PRB should remain the same during Y subframes. The mapping from resource index to orthogonal cover and shift indices can reuse the current spec.

Proposal 7: A cross-burst frequency hopping pattern to randomize PRBs in the entire PUCCH region to avoid constant inter-eNB collision, where hopping occurs at the edge of system bandwidth after retuning.
Proposal 8: Don’t support bundling of periodic or aperiodic PUCCH CQI for large coverage enhancement UEs. 

Proposal 9:  Use a UE triggered channel state feedback mechanism when the measured channel is significantly different from the assigned MCS.
Proposal 10:  PUCCH coverage enhancement level should be determined based on other uplink channels e.g., PRACH or PUSCH. The repetition number of PUCCH and that of PRACH or PUSCH should have a pre-determined mapping function.

Proposal 11: The definition of CQI tables needs to enable a UE to convey the need of switching between different coverage level when the measurement result based on M subframes is either too good or too bad. 

Option 1:  Define a single CQI table to include CQI indices for all M values. And allow UE to do additional measurement and report with M’ value different from the configured M value.

Option 2: Define multiple CQI tables for different M values and add extra entries in each table to indicate the need of switching M values. 
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