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1 Introduction

In this contribution, we summarize the email discussion on NB-PDCCH. The discussion points are as follows:

1. NB-PDCCH mapping in normal coverage

Option 1: continuous mapping, e.g., LeCCE 

Option 2: discontinuous mapping, e.g., DeCCE, discontinuous mapping in multiple subframes

2. Transmission of NB-PDCCH repetitions for extended and extreme coverage

Option 1: continuous repetitions, e.g., occupying continuous subframes
Option 2: discontinuous repetitions, e.g., repeating in N scheduling windows and only occupying partial subframes in a scheduling window.

3. Search space of NB-PDCCH
1) If CSS needed? If yes, how to determine the ALs, repetition numbers, detection period and starting subframes of CSS?

2) Definition of USS search space; how to determine the ALs, repetition numbers, detection period and starting subframes?

3) Maximum number of blind detections. How is it defined? Similar to the number of detections in a subframe for LTE, per each detection period?
4) Other

4. NB-DCI

1) Enhancement based on Rel-13 eMTC DCI format

2) Other

5. Scheduling and timing
Option 1: fixed subframes as scheduling interval, e.g., downlink k=1, uplink k=4

Option 2: scheduling window as the scheduling interval, e.g., next scheduling window

Other

6. Multiplexing of NB-PDCCHs

Option 1: TDM

Option 2: TDM + FDM

2 Discussions
2.1 NB-PDCCH mapping in normal coverage
Option 1: continuous mapping, e.g., LeCCE 

Option 2: discontinuous mapping, e.g., DeCCE, discontinuous mapping in multiple subframes
[HW]: Normal coverage is not the main focus of NB-IoT work, we should really have our focus on the 144,154,164 dB MCL cases. In any case, the mapping of NB-PDCCH has to consider the tx diversity scheme for NB-IoT which may be different from LTE, i.e. using SFBC rather than precoder cycling. It is also likely that NB-IoT will in at least some cases have its own reference signal, which may be different to EPDCCH DM-RS. The orphan RE problem also needs to be considered for SFBC based tx diversity schemes. Overall, we may be able to start from the LTE mapping and make suitable adjustments taking account of NB-IoT transmissions. 
For the question of single or multiple subframe mapping for one NB-PDCCH (which is how we interpret the question), there should be some time diversity gains for Option 2.
[ZTE]: We like to confirm HW's interpretation of Q1. Yes, Opt. 1 refers to the case that all NB-REGs of an eCCE would come from the same subframe. Opt .2 refers to the case that NB-REGs of an eCCE would be distributed over multiple subframes. Also, our preference is to use REGs instead of eREGs for NB-IoT, considering that cell specific RS is more suitable in downlink. Option 1 is preferred.
[Sony]: For Opt 2, can you clarify that the search space is less than 1 PRB and so that the EREG are distributed over multiple subframes?  That is, if in Opt 2 the search space occupies 6 subcarriers then it would take up 2 subframes?  If that is the case, since this is normal coverage, it is unclear how much gain we can get from time diversity in Option 2.  We prefer Option 1.
[Nokia]: For NB-PDCCH we prefer to reuse REG concept from legacy PDCCH, and to use SFBC based on CRS. For the mapping, we understand the question to mean whether the REGs for one CCE will come from one subframe or multiple subframes. We have a slight preference for Option 1 but is still evaluating potential gain from Option 2.

[Intel]: Prefer Option 1. As already pointed out, the REG concept may be more appropriate for NB-PDCCH. Not sure about the distributed option – while we are looking into the need for allowing a CCE built using REGs from multiple subframes, we are not sure if intentionally distributing them in time is being proposed here (if so, then the time diversity gains are not apparent to us considering predominantly low mobility scenarios and the potential need for higher aggregation levels and repetitions in time).
2.2 Transmission of NB-PDCCH repetition for extended and extreme coverage
Option 1: continuous repetitions, e.g., occupying continuous subframes

Option 2: discontinuous repetitions, e.g., repeating in N scheduling windows and only occupying partial subframes in a scheduling window.

[HW]: The time-domain principles from eMTC can be used here, which is effectively Option 1 (except for a few details). Are significant gains predicted for the extra time diversity implied by option 2? 

[ZTE] NB-IoT has only one PRB bandwidth. Hence, prolonged repetitions of NB-PDCCH in extreme coverage would clog the transmissions of NB-PDCCH in normal and medium coverage. The rational of option 2 is to allow NB-PDCCH be transmitted/repeated in some subframes but not all subframes in a scheduling window. This is mainly for extreme coverage case and can alleviate the resource congestion between NB-PDCCH transmissions in different coverage cases. Of course, this has to be balanced against the latency. 

[Sony]: The benefit of Option 2 seems to be to reduce blocking and perhaps gain some time diversity.  However, in Option 1, using multiple AL can also be used to manage blocking (as in eMTC).  It would be good to follow the method used in eMTC that is to use Option 1. 

[MediaTek] We’d like to leave this as FFS for now. As mentioned by ZTE, Opt.1 may lead to PDSCH of normal coverage UE blocked by the NB-PDCCH repetition of extreme coverage UE, though it may leverage the design principle of eMTC. On the other hand, the drawback of Opt.2 is the prolonged latency of extreme coverage UE. 

[Nokia] We’d like to leave this FSS for now as well.

[Intel]: We would also prefer to keep this as FFS for now. Further, the answer to this question may also have some bearing on the answers to questions #5 and #6.
2.3 Search space of NB-PDCCH
If CSS needed? if yes, how to determine the ALs, repetition numbers, detection period and starting subframe of CSS?
[HW]: We assume that a common search space is needed at least for paging and the (equivalent of) RAR. A related question is if there is a NB-IoT equivalent of SIB1bis, and if it has a control channel. 
[ZTE] We like to leave it FFS. Our understanding is that CSS would mainly contain RAR and paging information. For RAR, it depends on the RACH design, i.e., whether single-tone or multi-tone preamble is to be used. For paging, it seems not very clear whether paging is needed, given the pre-dominantly stationary deployment of NB-IoT devices. 
[Sony]: Yes, CSS us required for paging & RAR. 
[Nokia] The common search space is mainly used for scheduling paging records and RAR. So we prefer to have a discussion on how paging and RAR are transmitted first before deciding on the CSS. 

[Intel]: Agree with Nokia’s view above: it would be better to discuss the need for CSS after or as part of discussion on common control message transmissions (of which, we prefer that at least system information is transmitted without dynamic scheduling).
Definition of USS search space; how to determine the ALs, repetition numbers, detection period and starting subframe of USS?
[ZTE] Similar to eMTC. Parameters can be RRC configured, or pre-configured.
Maximum number of blind detections. How is it defined? Similar to the number of detections in a subframe for LTE, per each detection period?
[ZTE] Search space spans in time. The maximum number of blind decodes should not be greater than that for LTE in single subframe.
Other

[HW]: To answer generally, a key principle in how much re-use of eMTC we can make is that ultra-low UE complexity is essential in this work item, so limitation on blind decode load can be even more pressing than in LTE. The parameters that affect search space in coverage enh for eMTC (e.g. AL, repetition level, max repetition number, etc) may also need to include the outcomes of Q1 and Q2. 

[Sony]: We can follow the same method used in eMTC.  Similar to eMTC we defined these at the later stage of the WI 

[MediaTek] At least we should make the working assumption that the blind detection of USS + CSS is not larger than that is required in eMTC (eg. 16+4). Further, the buffer requirement for NB-PDCCH blind decoding (which is related to the number of PRB pairs for NB-PDCCH, eg. nPRB) is also less than eMTC.

[Intel]: For the above questions, starting from eMTC design is a reasonable consideration. We may need to adapt some element the eMTC design to maintain coherence with other changes in the design of NB-PDCCH vs. MPDCCH, e.g., depending on whether CSS and simultaneous monitoring of CSS+USS is to be supported, design of the search spaces themselves, etc.
2.4 NB-DCI
· Enhancement based on Rel-13 eMTC DCI format

· Other
[HW]: We could consider to prioritize other NB-PDCCH matters before we come to the detail of DCI design. When considering whether or not to base on Rel-13 eMTC, we understand by ‘enhancement’ we mean to include simplification where possible, re-use where appropriate, and extension where necessary. 

[ZTE] Its priority can be set lower. 

[Sony]: We agree with HW that we need the details of the design before we decide what fields are required in DCI.  Again in eMTC we design this at the later stage of the WI. 

[MediaTek] It is preferred to discuss the DCI format after NB-PDCCH design is stable. 

[Nokia] We prefer to discuss after NB-PDCCH design. 
2.5  Scheduling and timing
Opt. 1: fixed subframes as scheduling interval, e.g., downlink k=1, uplink k=4 
Opt. 2: scheduling window as the scheduling interval, e.g., next scheduling window
[Sony]: Reusing the method in eMTC (i.e. Option 1) would be preferred unless we find significant issues with it in NB-IoT. 

[ZTE] Option 2 is preferred. There are two reasons. First, it helps to reduce the resource blocking between different coverage classes; Second, the time-frequency resources of NB-PDCCH and NB-PUSCH can be very different, especially when uplink is single-tone. NB-PDCCH would be transmitted in 180 kHz and last 2~4 subframes, whereas NB-PUSCH would be transmitted in 15 kHz or 3.75 kHz and lasts 12~40 subframes. Scheduling window can provide more resource flexibility to accommodate NB-PDCCHs
2.6 Multiplexing of NB-PDCCHs
Opt. 1: TDM 
Opt. 2: TDM + FDM

[ZTE] Option 1 is preferred for its simplicity and better backward compatibility. 
2.7 For clarification
On definition of coverage classes
[ALU]: Just a minor comment from my side about the “small vs normal” coverage wording: “normal coverage” has been extensively used within the TR 45.820 as corresponding to “the reference MCL (144 dB)”, so I don’t think there is any ambiguity to be feared here. On the other hand I’m afraid that “small coverage” may suggest a MCL < 144 dB …
[Panasonic]: In the context of GERAN Study item, legacy GPRS coverage of the reference 144 dB can be called as normal coverage. In the context of legacy LTE, MCL of legacy PUSCH is 140.7 dB (based on TR36.888. 155.7 dB is target MCL in eMTC in RAN1#79.) Then one may argue that normal coverage means 140.7 dB MCL, especially in-band deployment. In the context of guard band deployment, what is normal coverage is unclear as it could be new deployment. Therefore, I'd like to avoid the term "normal coverage" even it is used in TR45.820. What is "normal" is different on case by case. I agree "small coverage" is also not so good terminology.
On multiplexing of NB-PDCCH
[Panasonic]: Although probably "NB-REGs" would be used for the mapping, my impression of the meeting was not so clear what is the actual mapping of NB-PDCCH. From your text, I got the impression that one REG also can spans over consecutive subframes. One REG may be limit to one subframe but multiple REGs are used for one NB-PDCCH. Or "one REG" itself may be mapped to multiple subframes. Here I think we are talking legacy subframe and not NB-subframes. I think we also didn't discussed the multiplexing within the same coverage i.e. exact NB-PDCCH search space design.
My understanding is the first proposal does not mandate FDM. Regardless of FDM or/or TDM, multiplexing of different coverage cases are supported is the intension. Do you have some suggestion for the improvement?

 My understanding of the second proposal does not exclude your description of option 3. I interpret the bottom of the right figure is your option 3 (The font is too small in my PC). Coverage case 1 is the smallest coverage case. Then I interpreted all REs consisting one NB-PDCCH is located within one box of your figure. i.e. no aggregation between different box for smallest coverage? Correct? My understanding of "NB-PDCCH(s)" rather means "one search space". That's why there is "(s)" in my intention. As it is rather search space, following example is not excluded.

At first, EPDCCH with 8 distributed EPDCCH-PRB-set is formed based on current EPDCCH method. This 8 PRB-pairs originally in the frequency domain is mapped sequentially in time domain. It means 8 subframe mapping of EPDCCH. If aggregation level is 4 in 8 EPDCCH-PRB-set, one EPDCCH is not mapped to all 8 PRB-pairs. Only mapped to selected 4 PRB-pairs. After the time domain mapping of 8 PRB-pairs, it means 4 PRB-pair (= now 4 subframes in time) used for one EPDCCH with aggregation level 4 is not continuous in time domain over 8 subframes. But this 8 subframes of the search space is consecutive in time. 

 Implicit TDM is also realized by setting different DRX configuration for different coverage case. In this case, no specification impact would be seen (as far as DRX is available).

If eREG/eCCE concept is kept from EPDCCH design, when the search space is overlapped between different coverage classes, its outcome is something FDM situation as there are multiple EREGs/eCCE in one PRB-pair. This would not require specific specification work.

 FDM merit is power (boost/de-boost) sharing among different NB-PDCCHs. TDM merit is reduction of the wake-up time (to reduce the UE power consumption). Reusing eREGs/eCCE concept and DRX configuration, it may be possible to use both FDM and TDM based on the network implementation

[LGE]: We agree that multiplexing among different coverage cases in one IoT carrier needs to be supported. If supported, we see potentially the following approaches.

(1)     Strict FDM: among 12 tones, some tone(s) are reserved for each coverage case

(2)     Strict TDM: Among N subframes, k1 consecutive subframes are reserved for each coverage case where k1 + k 2 + k3  <= N (or some other periodicity is also considered)

A.        Alt (2) -1 : Inter-leaving manner of TDM among different coverage cases are considered

(3)     Implicit TDM: based on network scheduling, a UE with different coverage class monitors different repetition R values and the network manages multiplexing (different from (2) would be there is no reserved period or resource for each coverage case PDCCH(s). We consider some examples of each approach can be shown in below. 

Based on the proposals, it seems that we are excluding Alt (2)-1 and (3). We consider Alt (1) may not be so necessary as it potentially require some spec work without clear benefits. Alt (2)-1 may require some work as well for interleaving among different coverage class. However, it’s not clear why we are excluding Alt (3) which does not require any configuration of explicit TDM among different coverage cases similar to eMTC. For example, a UE with coverage case 1 monitors PDCCH in every R1 subframe, a UE with coverage case 2 monitors PDCCH in every R2 subframe, and a UE with coverage case 3 monitors PDCCH in every R3 subframe (where R3 > R2 > R1). The network can multiplex PDCCH of different coverage class based on scheduling. In this sense, the second proposal seems a bit premature without discussion of multiplexing mechanism. 

Also, we like to clarify the first proposal does not imply FDM. Overall, we prefer TDM is supported (either based on Alt (2) or Alt (3), currently we prefer Alt (3), yet open for further discussions).
[ZTE]: Neither Proposal 1 nor Proposal 2 would preclude Alt. 3 listed by Yunjung. Proposal 2 merely says that for a normal coverage UE (MCL = 144 dB), its NB-PDCCH would not be time interleaved with NB-PDCCHs of extended or extreme coverage UEs. In fact, Alt. 3 is also our preference (pending on the fine print in the illustrative figure which is too small:) One minor thing is that FDM is still possible between NB-PDCCHs of normal coverage UEs when (e)CCE aggregation levels are small, e.g., two NB-PDCCHs can fit into a single subframe. In that case, the multiplexing is at resource element (RE) level, rather than tone or subframe levels.
3 Summary
Based on the email discussion, the following proposals seem agreeable:
· Multiplexing of NB-PDCCH for 144 dB coverage, 154 dB coverage case and 164 dB coverage case over 180 kHz is supported 

· NB-PDCCH(s) for 144dB coverage case are mapped to consecutive legacy subframes, i.e., no time interleaving with NB-PDCCH(s) of other coverage cases. FFS whether valid subframes are defined.
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