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Introduction
Early termination of PUSCH transmission was introduced in eMTC in order to reduce UE power consumption and uplink overhead. UL HARQ-ACK feedback carried by MPDCCH signaling was discussed in RAN1 #91 meeting with the following:
Agreements:
· For the explicit HARQ-ACK feedback signaling,
· For CE mode A, unused state(s) in the “resource assignment” field in DCI format 6-0A is used to indicate explicit HARQ-ACK feedback for a single UE.
· FFS: If other fields are set to predetermined values
· For CE mode B, unused state(s) in the “MCS” field in DCI format 6-0B is used to indicate explicit HARQ-ACK feedback for a single UE.
· FFS: If other fields are set to predetermined values
Working assumption:
· One unused DCI state in each CE mode is used for indicating:
· Early termination of MPDCCH monitoring and early termination of any ongoing PUSCH transmission
· Another unused DCI state in each CE mode is used for indicating:
· Early termination of any ongoing PUSCH transmission (without early termination of MPDCCH monitoring)
· It can be left up to RAN2 whether the new feedback signaling should also be used for termination of MPDCCH monitoring not related to UL HARQ (re)transmissions (e.g. MPDCCH monitoring related to DL transmissions).
In this contribution, design of early termination DCI carrying HARQ-ACK feedback signal for multiple UEs is discussed.
MPDCCH overhead reduction of Group-DCI
In legacy eMTC system, the UL and DL resource utilization is balanced for the target traffic model. However, with enhancements discussed in Rel-15, limit on DL resource will become the capacity bottleneck for overall eMTC system:
· Sub-PRB scheduling for PUSCH are discussed in Rel-15 in order to increase PUSCH capacity and spectrum efficiency; on the other side, more DL resource needs to be scheduled to transmit UL grants corresponding to the increased PUSCH transmissions.
· Early termination of PUSCH by explicit HARQ-ACK feedback signal carried in DCI for a single UE is already agreed in last meetings. However, the early termination mechanism introduces additional MPDCCH resource overhead. 
For example, according to [2], for MPDCCH transmission with target BLER of 1%, the needed number of repetitions for DCI with existing size (18 bits) is 32 to achieve MCL of 154 dB. Therefore, the DL overhead to transmit HARQ-ACK feedback is 192 PRBs per DCI.
As shown in Table 1, even without early termination signal, the DL resource used for MPDCCH transmission (UL grant) is comparable with UL resource used for PUSCH transmission using 1 PRB. If early termination DCI is introduced, the MPDCCH resource used for DCI transmission can be up to 600% of allocated PUSCH resource in sub-PRB case.
Table 1 Resource occupation of DL/UL transmission
Target BLER < 10%, MCL of 154 dB
	PUSCH TBS
	328 bits
	936bits

	PUSCH transmission bandwidth
	1PRB
	6-tone
	3-tone
	1PRB
	6-tone
	3-tone

	Repetition
	256
	1024

	PUSCH resource occupation (PRB)
	256
	128
	64
	1024
	512
	256

	MPDCCH resource occupation (PRB)
	192 (UL grant) + 192 (early termination DCI)

	DL resource (without early termination): UL resource
	75%
	150%
	300%
	18.75%
	37.5%
	75%

	DL resource (with early termination): UL resource
	150%
	300%
	600%
	37.5%
	75%
	150%



Observation 1: Early termination mechanism introduces significantly DL resource overhead, especially for sub-PRB resource allocation of PUSCH (up to 600% overhead).

Therefore, DL overhead introduced by early termination should be further reduced. Early termination DCI for a group of UEs is a possible solution. In this contribution, we compare MPDCCH overheads of group-DCI and single-DCI with link level and system level simulation results. 
Probability of early termination during one PUSCH transmission
The number of repetitions needed for PUSCH to achieve target BLER is often between two supported repetition numbers. In this case, a higher number of PUSCH repetitions is allocated and result in UL redundancy. When early termination is supported, the overall PUSCH repetitions can be divided into a lower number of repetitions regarded as initial transmission, and the remaining repetitions regarded as retransmissions. Retransmissions can be terminated by HARQ-ACK feedback.
For example, as shown in Figure 1, 512 repetitions are allocated for PUSCH transmission at -15dB SNR to achieve target BLER of 1%. With early termination mechanism, an initial transmission of 256 repetitions is used to achieve an initial BLER of 10%, and the remaining 256 repetitions are used as 2 retransmissions, each retransmission includes 128 repetitions. 
Therefore, for one PUSCH transmission, the probability of early termination can be calculated. In the example above, after the initial transmission (256 repetitions) and the first retransmission (128 repetitions), if PUSCH reception at eNodeB is still not successful, no early termination signal will be transmitted for this PUSCH. Therefore the probability of no early termination is the BLER of 384 repetitions for PUSCH, as 1.3% shown in Figure 1.
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(a)  											 (b)
Figure 1 Link level simulation result of PUSCH

Number of early terminations in system level
The gain of MPDCCH overhead reduction by using group-DCI can be achieved when more than one UE can be terminated simultaneously. In the system level simulation result provided in Figure 2, we evaluate the number of needed early termination DCI during 1 second within one narrowband in Figure 2(a), and the gain of MPDCCH overhead reduction when 10 narrowbands share same group-DCI for early termination in Figure 2(b). The gain of group-DCI for early termination can be achieved when more than 5.2*104 UEs are deployed in a sector. Moreover, in the system level simulation, 1 PRB PUSCH transmission is assumed. If sub-PRB resource allocation is used, the gain of group DCI will further increase.
In this simulation, the traffic generation model in TS 45.820 [3] and the deployment scenario of NR mMTC are used. Considering the overhead of MPDCCH, only PUSCH transmissions with >=128 estimated redundant repetitions can be early terminated. The periodicity of search space for group-DCI is 128ms. More details of simulation parameters are provided in Appendix 2.
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(a)         									 (b)
Figure 2 System level simulation of early termination probability and gain of group DCI
Observation 2: Group-DCI for early termination can reduce MPDCCH overhead efficiently compared with single-DCI.
Based on the observations above, we propose to introduce group common DCI for HARQ-ACK.
Proposal 1: Support explicit HARQ-ACK feedback for multiple UEs carried in one group common DCI.

Design of group DCI
Design of group common DCI for HARQ-ACK feedback was discussed in last meetings. DCI format 3/3A-like mechanism was considered as a starting point. UE is configured with a group-RNTI to decode group DCI, and is configured with an index to detect corresponding field in the group DCI. Each field in the group DCI can be used to indicate A/N feedback for one UE (or one HARQ process). The content of one field includes 1 bit for HARQ-ACK, and can further include other information e.g. HARQ process number, repetition number or power control information.
Drawbacks of the above solution are the low scheduling flexibility and potential low efficiency. Member of groups can hardly be modified because that grouping of UE by group-RNTI configuration is a higher layer procedure, and if only a few UEs within a group need to be terminated by HARQ-ACK, the gain of group-DCI can hardly be observed. Therefore some other solutions should be discussed, such as resource-based group DCI.
Mechanism of resource-based group DCI
Resource-based group DCI can be introduced for HARQ-ACK feedback without the drawbacks of DCI format 3/3A-like mechanism. As shown in Figure 3, each field in the resource-based group DCI indicates the A/N feedback information for any PUSCH transmission on a given resource unit consisting of N continuous subframes and M continuous (sub-) PRBs or narrowbands. 
For resource-based group DCI, logical grouping of UEs is unnecessary, and the impact on scheduling flexibility is minimized. eNodeB decides whether to send group DCI and the content of group DCI based on actual reception status of PUSCH in a range of resources. UE decodes group-DCI and uses A/N feedback carried in the fields associated to the resource on which the UE transmitted PUSCH. For example, in Figure 3, UE3 uses A/N feedback information carried in field 4 and field 5.


Figure 3 Resource-based group DCI for HARQ-ACK feedback
The mapping relationship between resource units and fields in group-DCI could be pre-defined or configured by eNodeB. For example, a fixed range of frequency and/or time resources can be mapped to one group-RNTI. UE only decodes group-DCI scrambled with group-RNTIs associated with its PUSCH resources. For all the resources associated with one group-RNTI, different options of resource unit indication can be considered:
· Option 1: The starting location and duration of a resource unit is carried in one field of group DCI.
· Option 2: A resource granularity is pre-defined/configured in order to decide the size and location of each resource unit. The continuous resource units are mapped to fields in group-DCI in order. Each field carries HARQ-ACK feedback for the associated resource unit.
· Option 3: A resource granularity is pre-defined/configured in order to decide the size and location of each resource unit. Each field carries an index to indicate resource unit and HARQ-ACK feedback for the indicated resource unit. This solution is helpful if the resource occupation status of PUSCH transmission by different UEs is sparse in a time/frequency range.
Proposal 2: Resource-based group DCI is used to carry early termination signal for PUSCH transmissions on a group of resource units. 
Search space for resource-based group DCI
A new group-common search space (group-CSS) should be introduced for resource-based group DCI. 
The configuration of group-CSS can be associated with narrowbands. For example, eNodeB configures multiple group-CSSs associated with different narrowbands via broadcast signaling to all UEs. UE detects the group-CSS associated with narrowbands it transmitted PUSCH on in order to acquire early termination DCI. 
Otherwise, the new group-CSS could be configured to a set of UEs by eNodeB via RRC signaling or broadcast. For all UEs in the same set, their group-CSS configuration is the same. The UE set can be decided by eNodeB based on PUSCH resource allocation. For example, UEs with PUSCH transmission resources allocated in a pre-defined range of narrowbands can be regarded as a set.


Figure 4 Configuration of group-CSS for a set of UEs
Figure 4 provides an example of group-CSS configuration with the following:
· Frequency location: From UE perspective, the frequency location of group-CSS could be same or different with the legacy search spaces of this UE. 
· Time location: From UE perspective, the time location of group-CSS is:
· When different frequency locations are configured, the time location of group-CSS and legacy search space should be non-overlapped, and there should be a gap between group-CSS and legacy search spaces, as shown in Figure 4. 
· When same frequency location is configured, the time location of group-CSS and legacy search space could be overlapped or non-overlapped. For the overlapped case, group-DCI and legacy DCIs can be distinguished by scrambling RNTI.
· Periodicity: The periodicity of group-CSS is the same as minimum periodicity of CSS/USS of all UEs which are configured with the group-CSS, e.g. periodicity of T shown in Figure 4.
· Starting subframe: An additional offset of αT is introduced compared with legacy CSS/USS of UEs which are configured with the group-CSS. With appropriate value of α, for every UE the monitoring of legacy CSS/USS and the monitoring of group-CSS will not happen simultaneously.
When group-CSS is configured, UE needs to monitor both its legacy search spaces and group CSS. For the purpose of power saving, the monitoring of group-CSS is only enabled when some pre-defined conditions are met. UE could be configured with multiple group-CSSs, and enable/disable monitoring of each group-CSS based on its PUSCH transmission. 
For example, eNodeB configures multiple group-CSSs to one UE. The UE enables monitoring of the group-CSS associated with the narrowband it transmitted PUSCH on, and disable monitoring of other group-CSSs. For the enabled group-CSS, Figure 5 shows the enabling/disabling of monitoring for each period. UE enables group-CSS monitoring when the transmitted number of repetitions for ongoing PUSCH transmission exceeds pre-defined threshold. After PUSCH transmission finished or being terminated by HARQ-ACK feedback, UE disables the monitoring of group-CSS.
Therefore, if appropriate condition is selected, from UE perspective only a small part of group-CSS resources needs to be monitored, thus the additional power consumption of group-CSS monitoring is not an important issue.


Figure 5 Enable and disable of group-CSS monitoring
Proposal 3: A new group-common search space is introduced in order to transmit group-DCI carrying HARQ-ACK feedback for multiple UEs. 
Conclusion
This contribution considered motivations, feasibility and potential benefits for introducing a DCI carrying HARQ-ACK feedback for multiple UEs in DL for early termination in UL, and proposes the following. 
Observation 1: Early termination mechanism introduces significantly DL resource overhead, especially for sub-PRB resource allocation of PUSCH (up to 600% overhead).
Observation 2: Group-DCI for early termination can reduce MPDCCH overhead efficiently compared with single-DCI.
Proposal 1: Support explicit HARQ-ACK feedback for multiple UEs carried in one group common DCI.
Proposal 2: Resource-based group DCI is used to carry early termination signal for PUSCH transmissions on a group of resource units. 
Proposal 3: A new group-common search space is introduced in order to transmit group-DCI carrying HARQ-ACK feedback for multiple UEs. 
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Appendix 1 Link level simulation parameters for PUSCH

	System bandwidth
	10 MHz

	Channel model
	ETU

	TBS
	328 bits

	Modulation
	QPSK

	PUSCH bandwidth
	1 PRB

	Channel estimation
	Cross-subframe channel estimation 

	Frequency hopping
	Disabled

	Antenna configuration
	1 Tx, 2Rx

	UE max transmit power
	23 dBm

	eNB noise figure
	5 dB

	UE noise figure
	9 dB



Appendix 2 System level simulation model
	Layout
	Single layer

	
	 - Macro layer: Hex. Grid

	Inter-BS distance
	1732m

	Carrier frequency
	700MHz

	Channel model
	3D UMa 

	
	Take 5GCM output into account if applicable.

	Tx power
	UE: Max 23dBm or optional 10dBm

	BS antenna configuration
	Rx: 2 and 4 ports 
Pattern follow the model of TR36.873

	BS receiver noise figure
	5 dB

	UE antenna elements
	1Tx

	UE antenna gain
	-4dBi

	Traffic model
	Following the model of TR 45.820

	UE distribution
	20% of users are outdoor in cars (100km/h) or 20% of users are outdoors (3km/h)

	
	80% of users are indoor (3km/h)

	
	Users dropped uniformly in entire cell

	Channel estimation
	Realistic
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