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1 Introduction
In the RAN1 74bis meeting, it was agreed that the frequency location of reduced bandwidth for new UE category will be further discussed after some progress was achieved for timing relationship between PDCCH and PDSCH in coverage improvement scenario. 

In the study item, the techniques for coverage improvement were discussed and the conclusion in the TR 36.888 [1] states that repetition in time domain can be applied to PDSCH for coverage improvement. Given repetition can also be applied to PDCCH, current timing relationship, i.e., PDCCH and the corresponding PDSCH are transmitted in the same subframe, may not be available for coverage improvement scenarios. Therefore, a new timing relationship between enhanced PDCCH and enhanced PDSCH should be defined. In this contribution, we share our views on the new timing relationship and PDSCH frequency location in coverage scenarios. 
2 Discussion
2.1 New timing relationship
In coverage improvement scenario, the following issues needs to be studied for new timing relationship: 

· Issue 1: How does a UE know the starting subframe and the number of repetitions of a repeated PDCCH
· Issue 2: When will the UE start to decode PDSCH after decoding the PDCCH
· Issue 3: When will the HARQ feedback occur after decoding PDSCH
Issue 1: How does UE know the starting subframe and the number of repetitions of a repeated PDCCH 

When a UE does not know the starting subframe of a repeated PDCCH, it will blindly detect each subframe to decode the repeated PDCCH. While this is benefit to eNB’s scheduling flexibility, there is a cost of high detection complexity and large storage requirement at the UE. In order to reduce the blind decoding complexity, it is proposed to let UE know the starting subframe of a repeated PDCCH through predefined subframe set or RRC signaling though it may result in some scheduling restrictions at eNB. For example, the predefined starting subframe can be set as (10*SFN + ns) mod v = 0,  where ns is the subframe number within a radio frame, and v is the number of repetitions. Regarding the number of repetitions, it could be implicitly indicated by other channels (e.g., the mapping table of the amount of repetitions for various channels), or configured by RRC signaling. Blindly decoding the number of repetition is also an option, but the decoding complexity should be considered.
Proposal 1: A UE should know the starting subframe of a repeated PDCCH by predefined subframe set or RRC signaling.
Issue 2: When will the UE start to decode PDSCH after decoding the PDCCH
Basically there are three options for the timing relationship between PDCCH and PDSCH with repetition, which are:

· Option 1: PDCCH repetition and PDSCH repetition start from the same subframe

· Option 2: The starting subframe of PDSCH repetition is the same as the last subframe of PDCCH 
· Option 3: The starting subframe of PDSCH repetition is delayed k subframes (k is larger than zero, it depends on the decoding time of PDCCH) after the end subframe of PDCCH repetition, i.e., cross subframe scheduling for PDSCH

Figure 1 through Figure 3 show the timing relationship for above three options, in which the repeated PDCCH and the corresponding PDSCH are highlighted by yellow and red, respectively. Note that the amount of repetitions for PDCCH and PDSCH are different. 
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Figure 1. PDCCH repetition and PDSCH repetition start from the same subframe
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Figure 2. PDSCH repetition starts in the last subframe of PDCCH
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Figure 3. Cross subframe scheduling for PDSCH, with k=1
For option 1, the benefit for fixed, predefined or semi-static (for non-initial access) PDSCH frequency location is the minimum latency. However, when dynamic scheduling is applied, the UE has to buffer the wideband PDSCH across multiple subframes (depending on the amount of PDCCH repetitions and the decoding for enhanced PDCCH) as it does not know the frequency location of repeated PDSCH before decoding PDCCH, which leads to big storage for post-FFT data buffering. From a data buffering point of view, this option may not be suitable for both low cost MTC UEs and category 1-8 UEs. 
For option 2, PDSCH starts from the last subframe of PDCCH. The benefit of this option is the post-FFT data buffering can be significantly reduced for dynamic scheduling, but UE may still need to buffer the first subframe wideband PDSCH (or maybe the first several subframes wideband PDSCH, it depending on the decoding time for PDCCH) as UE needs some time for PDCCH combining and blind decoding. Latency may increase with this option, but it seems not a big problem considering coverage improvement is applied to delay tolerant applications. 
For option 3, it is similar to option 2. Given PDSCH are delayed by k subframes, it is easy for UE to finalize the decoding of PDCCH before the starting of PDSCH. So UE does no need to buffer the wideband PDSCH at all, which can further reduce data buffering. From this point of view, option 3 is better than option 1 and option 2.
Proposal 2: From the data buffering perspective, the starting subframe of repeated PDSCH should be delayed k subframes (k is larger than zero) after the end subframe of repeated PDCCH.

Issue 3: When will the HARQ feedback occur after decoding PDSCH

Regarding HARQ timing, in current FDD system without coverage improvement, the UE shall use the PUCCH resource in subframe 
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 to transmit HARQ-ACK for a PDSCH transmission indicated by the detection of a corresponding PDCCH in subframe 
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. This means the timing gap between PUCCH and the corresponding PDCCH is 4 subframes. In the coverage improvement scenario, it may be reasonable to reuse the same gap between PDSCH and corresponding PUCCH. Given both PDSCH and corresponding PUCCH are repeated multiple times, the starting subframe of PUCCH transmission could be delayed by 4 subframes to the last subframe of PDSCH repetition.

However, the current PUCCH resource assignment is related to the CCE index used for transmission of the corresponding DCI assignment. When cross subframe scheduling is applied, there may be PUCCH collision between coverage improvement UEs and legacy UEs without coverage improvement. In order to avoid the collision, eNB can configure the PUCCH resources for coverage improvement UEs, which is similar as current repeated PUCCH (i.e., repeat the corresponding HARQ-ACK response always using PUCCH resource which is configured by higher layers). 
Proposal 3: It can be considered to reuse the same gap (i.e., 4 subframes) between PDSCH and corresponding PUCCH as current FDD system.
2.2 Frequency location in coverage improvement scenario

In the discussion of PDSCH frequency location for new UE category, all the processes were classified into two categories: initial access and subsequent access. Here we still reuse these two categories for coverage improvement scenarios. The initial access for PDSCH may include SIB and RAR transmissions and subsequent access could focus on UE specific downlink transmission. Given the PDCCH for paging is conveyed by CSS, it is preferred to classify it as initial access. 

For the initial access (SIB/RAR/paging), given that more CCEs and repetitions are needed in coverage improvement scenario, the collision probability among the PDCCH for SIB/RAR/Paging will increase as long as PDCCH is still needed. Thus, MTC UE’s access time, paging-to-awaking time will be prolonged and the UE’s power consumption will be greatly increased. Considering the potential serious collision problem, it is preferable to consider skipping PDCCH decoding for SIB/RAR/Paging, say a scheduling restriction (e.g., fixed or pre-defined option) frequency location and fixed MCS for SIB/RAR/Paging transmission in coverage improvement scenario. 

In subsequent access (UE specific transmission), considering dynamic scheduling can provide maximum flexibility and reuse the current DCI formats to alleviate the specification efforts, it is preferable to use dynamic scheduling manner for subsequent access.

Proposal 4: It is preferable to consider skipping PDCCH decoding for SIB/RAR/Paging (e.g., use fixed or pre-defined frequency location and fixed MCS) in coverage improvement scenario.
Proposal 5: It is preferable to use dynamic scheduling manner for subsequent access.
3 Conclusions
In this contribution, the PDSCH frequency location and new timing relationship between PDCCH and PDSCH in coverage improvement scenario are discussed, and the following proposals are given:

Proposal 1: A UE should know the starting subframe of a repeated PDCCH by predefined subframe set or RRC signaling.
Proposal 2: From the data buffering perspective, the starting subframe of repeated PDSCH should be delayed k subframes (k is larger than zero) after the end subframe of repeated PDCCH.

Proposal 3: It can be considered to reuse the same gap (i.e., 4 subframes) between PDSCH and corresponding PUCCH as current FDD system.

Proposal 4: It is preferable to consider skipping PDCCH decoding for SIB/RAR/Paging (e.g., use fixed or pre-defined frequency location and fixed MCS) in coverage improvement scenario.
Proposal 5: It is preferable to use dynamic scheduling manner for subsequent access.
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