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1. Introduction
In last GERAN#66 meeting, the high level principle for converged solution of NB OFDMA and NB M2M was presented [1] and details were presented in teleconference. According to converged solution, OFDMA and FDMA were adopted for downlink and uplink multiple access, respectively [1].
In this contribution, we consider several design aspects of PDCCH for CIoT.

2. PDCCH Design

2-1. PDCCH resource configuration
According to [2], 8 possible PDCCH resource configurations are considered where one configuration is presented and 7 configurations are FFS. It is understood that the proposal is to reserve some resources for PDCCH region which will not be shared/used by other channel such as PDSCH transmission. Though the proposal may be able to change the ratio of PDCCH resource among different coverage class, it offers small flexibility in the aspect of efficient resource utilization when the UE population and/or traffic rate changes dynamically. It is expected that the UE population and traffic pattern/volume of each coverage class is variable, and thus fixed PDCCH configuration does not utilize the downlink resource efficiently. If each PDCCH resource is configured and reserved regardless of actual transmission of PDCCH (and thus the resource cannot be used for the data transmission), the reserved resource will be wasted in case of low scheduling usage. Thus, it is proposed to allow multiplexing or sharing of resources between control and data instead of dedicating some resources for control channels. Particularly, it is necessary to allocate more resources for high coverage class when the number of UEs where the probability of scheduling may not be significant. In such a case, reservation of good amount of resource on PDCCH becomes inefficient. 
Therefore, flexible PDCCH resource configuration may be beneficial in the view of resource utilization efficiency. For example, PDCCH configuration may contain elements as below:
1. Subcarrier(s)
2. Period T
3. Duration D
According to the factor mentioned above, periodic PDCCH resource can be configured in the possible PDCCH region in downlink structure, enabling flexible downlink resource utilization. Following figure depict the example of periodic PDCCH resource structure for certain coverage class (coverage class 1)
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Figure 1. Periodic PDCCH resource configuration for certain coverage class
In terms of configuration by system information, the above parameters can be configured explicitly or a set of predefined combinations can be also considered to minimize signaling overhead. Using this approach, it is noted that resources indicated by the configuration can be used for PDCCH transmission. However, the resource can be also used by PDSCH transmission if it is scheduled by the network to use the resources for PDSCH transmission. It is up to the network to avoid any possible collision between PDCCH and PDSCH. For downlink/uplink scheduling, it is expected that the starting time, starting subcarrier, and the number of subcarriers used for transmission are indicated dynamically via DCI. 
PDCCH resource then can be defined across all subframes. It is however noted that PDCCH resource may be restricted to maximum 15 subcarriers to allow frequency reuse of 1/3. While possible PDCCH resources are configured in such way, PBCH locations have to be avoided. PDCCH overlapped with the PBCH location can be delayed to the location where PBCH is not present.
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Figure 2. PDCCH delay to avoid PBCH region
Main difference of this scheme is the flexible resource utilization. It can use resource for the data transmission if certain resource is not used by PDCCH, thus the downlink resource can be used more efficiently.
Proposal 1: Flexible PDCCH resource configuration need to be introduced for efficient downlink resource utilization.

2-2. PDCCH message indication structure
PI is included in PBCH in CIoT converged solution, according to [2]. UEs read the PI value of primary system information in PBCH, and decide whether the UEs need to read PDCCH. Though it is unclear whether PDCCH message indicator (PI) carried in PSI will be used only for paging message or used also for any downlink/uplink scheduling DCI, the proposed approach could lead some latency to read scheduling DCI. For example, if PI is used for any DCI, it is likely that PI can indicate a potential schedule to UEs of a group for the next frame. When PI is used per frame, all PDCCH resource in a frame would be indicated by one PI which leads about 1 frame latency between PI and actual DCI reception. Also, if one PSI per frame indicates potential scheduling over 1 frame, it is likely that many groups would be indicated with the potential scheduling and thus may not lead early sleep of many UEs. It is desirable to have a separate PI per coverage class to reduce the probability of false-alarm for UEs (PI is triggered though there is no scheduled PDCCH for a UE). In summary, we see the PI carried over PSI leads unnecessary scheduling latency as well as unclear performance benefits. On the other hand, if PI is used only for paging message, to save UE power, consideration of adopting PI-like mechanism for DCI can be further considered. 
One alternative approach is to separate PI mechanism from PBCH where PI may be considered to be allocated at the beginning of the PDCCH occasion/resource for each coverage class. In other words, in every T, one DCI can carry PI for the PDCCHs which will be scheduled at the occasion. If the overhead needs to be minimized, PI may be carried in every M PDCCH occasion/resource instead of every occasion. UEs decode PIs at the starting point of their possible PDCCH with the coverage class for the UEs, and determine whether they need to decode PDCCH for them. If PI is transmitted at the location, the delay between PI and actual PDCCH transmission can be reduced as the PDCCH can be transmitted immediately after PI indication.
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Figure 3, PDCCH resource structure with the PI.

Proposal 2: PI need to be located in the beginning of the possible PDCCH location for each coverage class.
PI mentioned above can be transmitted with the ‘common DCI’ format. It is separated DCI format with the dedicated DCIs for the UEs, and can be broadcast to the UEs to indicate that certain UEs have to read their DCI. It is further noted that this common DCI can be also used to indicate the number of DCIs multiplexed in one PDCCH if one PDCCH carry multiple DCIs destined to multiple UEs.

2-3. Multiplexing of DCIs of multiple UEs
In CIoT converged solution mentioned in [2], DCI location for the UE is hashed with the UE ID so that UEs can find their DCI location and decode it without the need of searching whole possible DCI locations. However, this approach also connotes the blocking probability of DCI location among different UEs. With the nature of hashing function, UEs with different IDs can be mapped to the same DCI location, resulting in DCI blocking. Particularly, since the candidate resource block is restricted for high coverage class, the blocking probability of high coverage class UEs would increase. For example, assuming the total number of devices is 52547 [TR-appendix] where periodic inter-arrival times are given as 1 day (40%), 2 hours (40%), 1 hour (15%) and 30 minutes (5%), the average arrival rate would be 6.81 devices/sec. Assuming each device transmits RACH, receive RAR, transmit uplink traffic, A/N for uplink transmission per each wake-up, it will involve at least three times of scheduling for RAR, UL grant, and A/N. Based on the proposal on the converged solution, since, there are only two occasions for UEs in coverage class 4, if more than 10% UEs are in coverage class 4, the resource would not be sufficient. Furthermore, if hashing function is used where UEs are mapped to the same resource, the resource may collide. Thus, overall, the resource may not be sufficient. Therefore other approaches considering blocking probability may be considered. For example, multiple DCI candidates can be provided to a UE instead of one-to-one mapping between a UE ID and a candidate resource. Within a set of candidate resources, a UE has to perform blind detection which may increase the complexity of UE, however, it would decrease blocking probability. One example is to a set of resource block forms such as {UE_ID % K, (UE_ID * 2) % K, ..., (UE_ID * (N-1)) % K} where K is the number of resource block usable for scheduling DCI. Furthermore, more randomized hashing function for blind decoding candidates can be considered. For example, if one frame has three PDCCH occasion, the index can be 0, 1, and 2, and the hashing function for a UE can be 





where , , , k = {0, 1, 2},. The resource block that a UE can use may be determined as (Yk % M) where M is the number of resource blocks per PDCCH occasion. 
Another approach is to transmit one PDCCH carrying multiple DCIs as a payload. If this is used, a UE has to read the whole PDCCH and parse its own DCI if PI indicates there is a potential DCI scheduled. As the number of DCIs can vary, if this is used, the length of DCI should be indicated to the UEs. This approach may require higher processing latency to locate its own DCI and higher power consumption to read larger data compared to the first approach. In either way, we propose to consider mitigation mechanisms to address potential scheduling blocking issue. 
Proposal 3: Other PDCCH location assignment method to mitigate DCI blocking probability can be considered.
2-4. Contents of a PDCCH
The content of a PDCCH can be different depending on whether a PDCCH carries single DCI or multiple DCIs. At least for a DCI destined to a UE, the following fields/information is necessary
· DL or UL: whether this DCI intends for downlink scheduling or uplink grant
· C-RNTI (RNTI used for scheduling)
· Subcarrier index or frequency location
· MCS and/or CBS
· Start indicator 
· Duration
As PDCCH also carries A/N information for uplink transmission, further details on A/N transmission via PDCCH needs to be clarified. One example of A/N is to piggyback A/N information of multiple UEs with PI. One example is to use the subcarrier index of scheduled UL grant to locate the A/N resource. Otherwise, individual A/N can be transmitted via scheduling a DCI just for A/N. Or, only NACK can be indicated which will be accompanied with UL grant for retransmission. In case limited resources are used for PDCCH transmission, it would be desirable to consider either a common DCI carrying A/N information for UL transmission or consider NACK-only feedback. 
Proposal 4: Transmission of A/N for UL transmission can be achieved via a common DCI carrying multiple A/N or based on NACK-only feedback. 

3. Conclusions
In this contribution, we discussed our views on CIoT PDCCH structure. The proposals based on the discussion are given as follow:
Proposal 1: Flexible PDCCH resource configuration need to be introduced for efficient downlink resource utilization.
Proposal 2: PI need to be located in the beginning of the possible PDCCH location for each coverage class.
Proposal 3: Other PDCCH location assignment method to mitigate DCI blocking probability can be considered.
Proposal 4: Transmission of A/N for UL transmission can be achieved via a common DCI carrying multiple A/N or based on NACK-only feedback. 

References
[1] G1-150534, “Proposed convergence of NB M2M and NB-OFDMA clean-slate solutions,” Qualcomm, Huawei, HiSilicon, Neul, u-blox AG.
[2] FS_IoT_Telco#12 – NB-CIoT – Downlink Physical Layer Design
image2.emf
DCI

Broadcast 

Channel

DCI

DCI

DCI

(repetition)

PDCCH resource 

for coverage 

class 1

PDCCH resource 

for coverage 

class 2

DCI

(repeti

tion)


image3.emf
coverage class 1 T = 420msec

coverage class 2 T = 640msec

coverage class 3 T = 420msec

coverage class 4 T = 640msec

1 frame = 1280msec

PI


image4.wmf
(

)

1

mod

kk

YAYD

-

=×


oleObject1.bin

image5.wmf
0

RNTI

1

¹

=

-

n

Y


oleObject2.bin

image6.wmf
39827

=

A


oleObject3.bin

image7.wmf
65537

=

D


oleObject4.bin

image1.emf
D

coverage class 1 T = 420msec

coverage class 2 T = 640msec

coverage class 3 T = 420msec

coverage class 4 T = 640msec

1 frame = 1280msec

Subcarrier

T


