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1. Introduction

This document primarily considers the complexity implications of allocating the narrowband region for PDSCH dynamically via the DCI in the associated M-PDCCH.

Dynamic allocation of the narrowband region used for PDSCH via the DCI is shown to unnecessarily increase UE complexity, working against the original complexity reduction motivation for reducing UE bandwidth for MTC. The performance of the dynamic allocation scheme is also expected to be worse than that of the same subframe allocation scheme.
It is hence proposed that the narrowband region for PDSCH is not dynamically allocated via DCI, but instead occupies the same narrowband region as the associated M-PDCCH.
2. Agreement from RAN1#80bis
The following two agreements were made at RAN1#80bis [1].

Agreements:
· PDSCH narrowband location in the first subframe containing PDSCH which is scheduled by EPDCCH:

· Option 1: Dynamic narrowband location indicated by DCI

· Option 2: Same narrowband location as the associated EPDCCH

· Option 3: Known narrowband location

· FFS: Which Option to select may depend on amount of required coverage enhancement
· It means one or two option(s) in total
· From RAN1#80 agreement: for Rel-13 MTC UEs in enhanced coverage, if subframe n is the last physical downlink control channel for MTC repetition then PDSCH start n + k (k > 0)

· Value of k is:

· Option 1: k is fixed

· Option 1-A: k=1 or 2, where PDSCH is allowed to use a different narrowband from the associated EPDCCH

· RAN1 will select a single value of k after receiving RAN4 input on retuning time

· Option 1-B: k=1, where PDSCH always use the same narrowband location as the associated EPDCCH

· FFS for the subframe n+k not allowed for PDSCH (e.g. PMCH, TDD, HD-FDD)
· Option 2: k is variable

· When not operating coverage enhancement, Option 1 is used when cross-subframe scheduling is used
· FFS: Which Option to select may depend on amount of required coverage enhancement
Agreements from R1-152391
· For Rel-13 low complexity UEs in normal coverage, cross-subframe scheduling (k > 0),
· For unicast PDSCH, DCI indicates one of  narrow-band  and further indicate resource allocation within narrow-band 

· This doesn’t preclude predefined frequency hopping 

· FFS: Details on resource allocation field in DCI 

· CSI measurements can be restricted to a subset of the available  narrow-bands

· FFS: details

Decision: The document is noted. The above, including the change mark is taken as working assumption.
3. Impacts of Dynamic Allocation of Narrowband Region
The dynamic and same subframe PDSCH allocation schemes have various system and UE impacts. These impacts are outlined below:

· Scheduler flexibility. Dynamic allocation of the PDSCH allows for greater scheduler flexibility, e.g. in highly loaded cells or in cases where large contiguous allocations to UEs are required.

· CSI feedback. If the PDSCH is dynamically scheduled in order to perform frequency dependent scheduling, the UE will have to measure CSI on many narrowband regions. Measurement of CSI on different narrowband regions will require the UE to effectively operate with “measurement gaps”, where during a measurement gap, the UE cannot be allocated and instead measures CSI on different narrowband regions and retunes its RF between the narrowband regions. Since the Rel-13 MTC design already includes support for frequency hopping, there is probably little benefit from supporting a different form of frequency diversity. Since the M-PDCCH is not dynamically scheduled, any potential frequency dependent scheduling gain does not apply to the system as a whole.
· DCI size. Dynamic allocation of the PDSCH narrowband region will require a field to indicate the narrowband region (e.g. a 3 bit field in the DCI could indicate up to 8 DL narrowband regions). Increasing the DCI size has been shown to reduce M-PDCCH performance [4] and should be avoided.

· Resilience to errors. In order to be resilient to errors, the M-PDCCH needs to occupy a known narrowband region and cannot be dynamically allocated. Hence if in a subframe the UE has been dynamically allocated PDSCH in a narrowband region, it cannot also receive an M-PDCCH in that narrowband region. 
· PDSCH performance. The probability of PDSCH not being correctly received by the UE is increased when the PDSCH narrowband region is dynamically allocated. When dynamically allocated, PDSCH is not successfully received if either the narrowband region containing PDSCH is faded or the narrowband region containing M-PDCCH is faded. When PDSCH occupies the same narrowband region as the M-PDCCH, correct reception is only dependent on fading in a single narrowband region.

· Peak throughput. When dynamic allocation of the narrowband region is applied, the UE cannot be allocated M-PDCCH in the same subframe as PDSCH (due to error resilience issues). In this case, the UE cannot be allocated PDSCH in every subframe and the sustained peak rate of the UE is impaired.

· UE Complexity. Dynamic allocation of the narrowband region for PDSCH significantly increases UE complexity due to the impact on the UE’s decoding timeline. This significant UE complexity impact is considered further in the following sections of this document.
4. UE decoding functions within HARQ timeline
The specified DL hybrid ARQ timeline up to and including  Release-12 is that the UE will use the PUCCH or PUSCH in subframe n + 4 to report the ACK / NACK status of PDSCH received in subframe n. This timing is shown in Figure 1.
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Figure 1 - Timeline between PDSCH and PUCCH / PUSCH

The operations that are performed at the UE between reception of the PDCCH and PDSCH, and the transmission of the PUCCH / PUSCH are implementation dependent, but the following general operations need to be performed in a typical implementation:

· FFT

· buffering of FFT samples

· RX processing (incl. channel estimation, equalization)
· DL control processing (PDCCH decoding)
· PDSCH decoding

· transport and physical layer processing of the PUCCH / PUSCH

The buffering of FFT samples and FFT operations would typically occur in parallel with reception of a subframe over the air. The RX processing, DL control processing and PDSCH decoding occur sequentially and define the timeline for decoding of the PDSCH, ready to insert an ACK / NACK report in the PUCCH / PUSCH.
5. UE decoding timeline for a Release-13 MTC UE
In Release-12 and Release-13, various methods have been applied to reduce the cost of the LTE: bandwidth reduction, peak rate reduction, single RX chain etc. Based on TR36.888 [2], estimates of the overall residual cost from these techniques have been estimated and tabulated in Table 1.

The relative costs of the four functional blocks that contribute to the decoding timeline can be used to estimate the relative time taken to perform the four functions of RX processing, Turbo decoding, DL control processing and UL processing. The relative time taken to perform the functions is assumed to be proportional to the relative Rel.13 cost of these functions (the assumption is made considering a design that makes maximum reuse of lower-level hardware functional blocks or a software-based UE design).
Table 1 – Residual cost breakdown for a Release-13 MTC UE

	Functional block
	Category 1 cost
	Cost reduction
	Rel-13 cost wrt Cat. 1
	Relative time to perform function

	RX processing
	25%
	93%
	1.8%
	26%

	DL control processing
	5%
	50%
	2.5%
	36%

	Turbo decoding
	10%
	90%
	1%
	14%

	UL processing
	8%
	80%
	1.6%
	23%


The DL processes in Table 1 need to be performed in a sequential order. Specifically:

· RX processing cannot occur until subframe ‘n’ has been buffered and FFT operations have been completed. Channel estimation of the ePDCCH-based M-PDCCH needs to be performed on all of the ePDCCH-type DMRS (which occupy at least the final OFDM symbol of the subframe)
· DL control channel processing needs to be performed based on the equalized modulation symbols produced by the RX processing (decoding of the M-PDCCH is performed based on modulation symbols that could have been mapped to any OFDM symbol in the subframe, hence DL control channel processing cannot be started before RX processing is complete)

· PDSCH decoding can only commence once the DCI has been decoded from the M-PDCCH.

The coding of the PUSCH transport block comprises a significant part of the UL processing. This processing can be performed in parallel to the Turbo decoding and the ACK / NACK related to the PDSCH can be rapidly coded and channel interleaved with the PUSCH at a late stage. If the ACK / NACK were transmitted by PUCCH, the UL processing time required for the PUCCH can be considered to be small compared to the time for the PUSCH.
For a reasonable sized LTE cell (e.g. up to 5km), the RTT is not significant compared to the subframe duration (e.g. 33ms for a 5km cell) and hence can be ignored when considering the UE decoding timeline.
Figure 2 shows a potential decoding timeline for a Release-13 MTC UE based on same subframe scheduling, using the relative timings of Table 1. The timeline is simplified by considering that RX processing can commence straight after the subframe containing M-PDCCH / PDSCH (i.e. that FFT latency is not significant) that the RTT is insignificant and that the Turbo decoding operation does not need to be completed before the UL processing is started (a small portion of a subframe is reserved in the decoding timeline for UCI encoding).
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Figure 2 – Decoding timeline for Release-13 MTC UE based on same subframe scheduling
Figure 3 shows a potential decoding timeline for a Release-13 UE using cross-subframe scheduling where the M-PDCCH and PDSCH occupy the same narrowband region (option 2). Decoding functions for M-PDCCH and PDSCH can be pipelined
, allowing the FFT and RX processing functional blocks to be used for both M-PDCCH and PDSCH.
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Figure 3 – Decoding timeline with cross-subframe scheduling in the same narrowband region

Figure 4 illustrates the issue with creating a decoding timeline PDSCH when DCI-based dynamic cross-subframe scheduling to a different narrowband region is applied, using decoding functions with the same complexity as shown in Figure 3. The relative timing of M-PDCCH and PDSCH shown is that the PDSCH exists in subframe n+2 (k=2) when M-PDCCH exists in subframe n. This is the most generous timing available according to the agreements in RAN1#80bis [1]. Two significant issues arise:

· The DCI is not decoded until subframe n+3. The UE is thus not able to know which PDSCH-carrying narrowband region to switch to in time to retune its radio to the different narrowband region containing PDSCH.
· The PDSCH is not decoded in time for UCI processing.
In order to be able to start decoding PDSCH within subframe n+2 (according to the agreement in RAN1#80bis), the UE processing timeline between the M-PDCCH and associated PDSCH would need to be accelerated such that RX processing, DL control processing and RF retuning can be completed in a single subframe. RAN4 has not yet concluded on RF re-tuning time [1], but we consider it unlikely that the RF could be instantly retuned. 
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Figure 4 – Issues with decoding timeline for scheduling PDSCH in a different narrowband region
Figure 5 shows a decoding timeline that has been accelerated in order to allow a PDSCH to be allocated in a different narrowband region in subframe n+2, while not reducing the RF retuning time. Without knowledge of the RF retuning time (from RAN4), it is difficult to estimate the acceleration factor required, but an estimate from Figure 4 and Figure 5 is that decoding would have to be accelerated by a factor of 3 to 4 times.

Figure 5 shows that dynamically scheduling PDSCH in a different subframe to the M-PDCCH requires a significant acceleration of the RX processing and DL control channel processing functions. This acceleration translates to an increase in UE complexity (either use of a more powerful processor in a software based UE or less reuse of hardware in a more hardware orientated implementation). This increase in complexity is not compatible with the original complexity reduction motivation of reducing the UE bandwidth. 
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Figure 5 – Example accelerated decoding timeline when PDSCH is dynamically allocated a different narrowband region

The following observations and proposal are hence made:

Observation 1: Dynamic scheduling of the PDSCH narrowband region via DCI increases UE complexity and defeats the object of a Release-13 MTC UE supporting a reduced operating bandwidth.

Observation 2: The working assumption at RAN1#80bis of using DCI to dynamically indicate the PDSCH narrowband region is not compatible with the agreement that PDSCH is cross-subframe scheduled in subframe n+k (k = 1 or 2).

Proposal: PDSCH narrowband location in the first subframe containing PDSCH which is scheduled by M-PDCCH is the same narrowband location as the associated M-PDCCH

6. Conclusion
This document has identified several issues with the working assumption that for normal coverage and cross subframe scheduling, the PDSCH narrowband region is dynamically allocated via DCI in the associated M-PDCCH. A particularly significant issue is the UE complexity of this working assumption and this document has investigated the UE complexity implications. Based on UE complexity considerations, the following observations and proposals have been made:

Observation 1: Dynamic scheduling of the PDSCH narrowband region via DCI increases UE complexity and defeats the object of a Release-13 MTC UE supporting a reduced operating bandwidth.

Observation 2: The working assumption at RAN1#80bis of using DCI to dynamically indicate the PDSCH narrowband region is not compatible with the agreement that PDSCH is cross-subframe scheduled in subframe n+k (k = 1 or 2).

Proposal: PDSCH narrowband location in the first subframe containing PDSCH which is scheduled by M-PDCCH is the same narrowband location as the associated M-PDCCH
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� The DL control processing function would need to complete in a single subframe to enable that function to be pipelined when M-PDCCH needs to be decoded every subframe 
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