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1 Introduction

In RAN1#80bis it was agreed that “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)”. In RAN1#81, aspects related to time and frequency resource allocation for DL/UL channels for Rel-13 low cost UEs were outlined and agreed as in [1] including the following:

For Rel-13 low complexity UEs in normal [FFS: small enhanced] coverage, under cross-subframe scheduling, 

· Case 1:

· For unicast PDSCH, DCI indicates one narrow-band and further indicates resource allocation within narrow-band 

· This doesn’t preclude predefined frequency hopping 

· FFS: Details on resource allocation field in DCI 

· FFS: whether and/or how to utilize PRBs not included in any narrowband of 6PRBs 

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

· FFS: details
· 
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· FFS: whether and/or how to  define a case (Case 2) that UE can assume PDSCH is scheduled in the same or a known (when frequency hopping is used) narrowband 
· This doesn’t preclude predefined frequency hopping
· 
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· FFS: how to handle the subframe used for retuning in case of frequency hopping is applied
· FFS for the subframe n + k not allowed for PDSCH (e.g. PMCH, TDD, HD-FDD) 

This contribution considers the above and additional FFS issues related to time and frequency resource allocations for Rel-13 low cost UEs. 
2 Time and Frequency Resource Allocation
PDSCH/PUSCH Transmission Timing

The first issue to be resolved is the value of 
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. Given that a DCI can indicate a different narrow-band (NB) for PDSCH reception, the key additional delay possibly requiring that 
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 is due to the retuning latency. If the retuning latency is in the order of 1 subframe then, to primarily account for the delay associated with the processing of the DCI format contents (PHY (( MAC interaction is required), 
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 is needed. Conversely, a retuning latency in the order of 1 slot or less allows for sufficient time for the required processing (channel estimation, DCI format demodulation, DCI format decoding, DCI format processing) to enable 
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Observation 1: Whether 
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 depends on the retuning latency. If the retuning latency is in the order of a slot, 
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; otherwise, if the retuning latency is in the order of a subframe, 
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Regarding the FFS issue for defining a ‘Case 2’, the NB of the first PDSCH repetition has to be the same as the NB for last M-PDCCH repetition when the UE detects the DCI format and the same as the NB for the next M-PDCCH repetition after the UE detects the DCI format (assuming frequency/NB hopping and multiple numbers of candidate repetitions for an M-PDCCH transmission). Otherwise, 
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 is not possible since the UE will start re-tuning to a new NB prior to determining the DCI format detection (although it is possible for the UE to attempt detection of the DCI format at one subframe before a candidate number of subframes for M-PDCCH repetitions, this does not in principle achieve 
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). Alternatively, if the retuning latency is in the order of 1 subframe, 
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 if the NB of the first PDSCH repetition is same as the NB for the next M-PDCCH repetition after the UE detects the DCI format.  
Observation 2: To achieve 
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 for a PDSCH transmission scheduled by an M-PDCCH transmitted with a number of candidate repetitions, the NB of the first PDSCH repetition needs to be same as the NB of the last M-PDCCH repetition and the NB of the first M-PDCCH repetitions for the next higher candidate number of repetitions (if any). 

Observation 3: For retuning latency in the order of 1 subframe, 
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 can be achieved if the NB of the first PDSCH repetition is same as the NB for the next M-PDCCH repetition after the UE detects the DCI format.
For M-PDCCH transmissions with repetitions, the number of HARQ-ACK processes is always 1 when 
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 or when 
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 and the number of repetitions is larger than or equal to 4. For M-PDCCH transmission without repetitions, the maximum number of HARQ processes is 2 when 
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. Therefore, 1 HARQ process suffices for UEs in enhanced coverage and 2 HARQ processes suffice for UEs in normal coverage. If a common design applies for UEs in normal coverage and UEs in “small” enhanced coverage, a number of HARQ processes can remain unused for the latter UEs.    

Observation 4: For UEs operating in enhanced coverage 1 HARQ process suffices. For UEs operating in normal coverage and possibly “small” enhanced coverage, 2 HARQ processes suffice.

As a UE can detect a DCI format over a smaller number of M-PDCCH repetitions than the actual one (theoretically, even with a larger number) or detect a data TB over a smaller number of PDSCH repetitions than the actual one, the actual number of M-PDCCH repetitions and the actual number of PDSCH repetitions need to be indicated by the DCI format. It can also be considered to derive the actual number of PDSCH repetitions from the actual number of M-PDCCH repetitions but this is not possible for the PUSCH and it may not be possible in general if different NBs are used for M-PDCCH transmission and for PDSCH transmission or if one transmission uses frequency hopping and the other does not. It is noted that although it is possible to use a single number of repetitions for M-PDCCH transmission or for PDSCH transmission, this is not preferable in terms of spectral efficiency (link adaptation is not possible), average latency, and UE power consumption particularly considering that such a single number will have to be large and over-dimensioned to ensure robust operation (including fall-back support). 

Observation 5: The number of repetitions for an M-PDCCH transmission, for a PDSCH transmission, and for a PUSCH transmission needs to be indicated from a respective set of configured numbers by the respective DCI format.  

PDSCH/PUSCH Transmission Resources
An underlying assumption for ‘Case 2’ is that a DCI format for PDSCH (and possibly PUSCH) scheduling to UEs with substantial coverage requirements does not need to include a NB (or PRB) allocation field in order to minimize its size. Such UEs do not meaningfully benefit from dynamic frequency domain scheduling of NBs or PRBs, are likely to require a whole NB per SF for M-PDCCH transmission, and latency is not prohibitive metric in order to avoid scheduling collisions among UEs configured with the same NBs (this anyway needs to be accommodated for M-PDCCH transmissions). Therefore, UEs requiring ‘medium/large’ coverage enhancement can be configured NBs or PRBs for respective PDSCH or PUSCH transmissions. 
Observation 6: Regardless of ‘Case 2’, UEs requiring repetitions for a DL/UL transmission can be semi-statically configured PDSCH/PUSCH resources. 

For UEs in normal coverage and possibly ‘small enhanced’ coverage, DCI format reductions are less important and scheduling flexibility is desirable particularly as such UEs can provide useful CSI feedback for dynamic frequency domain scheduling. Possible alternatives to indicate a NB and PRBs with the NB include (a) using resource allocation type 2 with the system BW, (b) enumerating the NB and using resource allocation type 2 within the NB, and (c) indication of one or more PRBs in any 6 consecutive PRBs. For a system BW 
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 PRBs, a total of 
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 NBs, and for 6 PRBs per NB, the required number of bits for possible system BWs is indicated in Table 1. Considering the NB-based structure for DL/UL transmissions to/from Rel-13 low cost UEs and considering the relative RA signaling overhead, the second alternative (enumerating the NB and using resource allocation type 2 within the NB) is preferable. Moreover, it is not necessary to indicate PRBs that are part of multiple NBs such as for example the middle 6 PRBs of a DL system BW when they do not correspond to a NB. 
Table 1: Number of Bits for PDSCH/PUSCH PRB Allocation
	System BW
	RA Type 0
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	NB Enumeration and RA Type 0 within NB
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	Any 6 consecutive PRBs 
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Observation 7: For UEs in normal coverage or requiring a small number of repetitions, it is preferable to indicate the PRB allocation by indicating the NB and the PRBs within the NB. 

As CSI measurements can be restricted to be only in a subset of NBs, dynamic scheduling of a PDSCH transmission in a NB for which the eNB does not have CSI is not meaningful. Then, it is possible to reduce the number of indicated NBs and consequently reduce the number of respective bits in the DCI format. For example, if CSI measurements are restricted to 4 NBs and for a 20 MHz system BW, the number of bits can be reduced from 4 to 2. The overhead reduction is not significant but nevertheless redundant information is not transmitted.  

Treatment of Subframes without M-PDCCH/PDSCH Transmission
A Rel-13 low cost UE is assumed to be informed of subframes where M-PDCCH/PDSCH (or PUCCH/PUSCH) cannot be transmitted. For example, this information can be provided by the UL (or DL) reference UL/DL configuration for a TDD system (reference UL/DL configurations are the same in case eIMTA is not used), the MBMS and ABS configurations, and so on. 
For UEs in enhanced coverage, in order to avoid a complicated RTT, such subframes can be included in the number of subframes for repetitions of DL/UL channel transmissions (although the UE does not receive/transmit in subframes determined as not supporting DL/UL transmissions). For PUSCH scheduling in TDD, the last repetition for each configured number of repetitions for an M-PDCCH transmission can be such that it occurs in a DL subframe where transmission of UL grants is supported in Rel-12 for the respective UL/DL configuration (e.g. subframe 0 or subframe 5). For PDSCH scheduling in case of MBMS subframes, the repetitions can be configured to occur so that the first subframe for PDSCH reception is unicast. In this manner, re-use of Rel-12 timing can be ensured by network implementation without new specifications. 
Observation 8: To simplify operation, subframes not supporting DL/UL transmissions are included in the number of subframes configured for repetitions of DL/UL channel transmissions. No other treatment is required. 

For UEs in normal coverage, the issue of a PDSCH having to be received on a MBMS subframe can be resolved by the eNB scheduler. For example, the eNB can schedule a PDSCH in the same NB as the respective M-PDCCH if, otherwise, PDSCH would have to be received in an MBMS subframe. 
CSI Measurements

To avoid introducing unnecessary complexity to the overall system operation and increasing UE power consumption, CSI measurements can be restricted to a subset of NBs. CSI for link adaptation is required for both M-PDCCH and PDSCH and particularly for M-PDCCH as a failed DCI format detection results to loss of data transmission while a failed data transmission can benefit from HARQ. Also, open loop link adaptation for M-PDCCH is ‘expensive’, slow to converge, and subject to low mobility and/or slow interference variations. 

If the NBs of M-PDCCH transmissions to a UE are same as the NBs of PDSCH transmissions to the UE, a single CSI feedback can serve for link adaptation of both M-PDCCH and PDSCH transmissions. This may be possible for UEs requiring ‘medium/large enhanced’ coverage but cannot be generally assumed for UEs requiring ‘medium/large enhanced’ coverage. For example, the NBs for an M-PDCCH transmission need to be semi-statically configured to a UE while the NBs of a PDSCH transmission can be dynamically indicated subject to CSI feedback and scheduler decisions for other PDSCH transmissions. 

If a UE provides CSI feedback relative to the (semi-statically configured) M-PDCCH NBs, the eNB may not have CSI for link adaptation of a PDSCH transmission. Similar, if the UE provides CSI feedback relative to the (dynamically configured) PDSCH NBs, the eNB may not have CSI for link adaptation of an M-PDCCH transmission Moreover, the eNB can apply frequency selective scheduling for the UE in order to improve spectral efficiency by using a NB where the UE experiences high SINR, assuming support for NB CSI feedback in addition to wideband (across NBs) CSI feedback. It is therefore beneficial for a UE to provide CSI feedback across NBs both for the NBs configured for M-PDCCH transmission and for the NBs of the last PDSCH transmission and also provide NB CSI feedback in order to enable frequency selective scheduling. The CSI feedback for the M-PDCCH can be configured separately than the CSI feedback for the PDSCH or the two CSIs can be reported simultaneously, possibly using differential representation for the second CSI relative to the first CSI. UEs without PDSCH scheduling (e.g. due to UL dominant traffic or due to eNB scheduler decisions) can measure CSI over the M-PDCCH NBs or over a configured set of NBs.
Observation 9: It is beneficial for a UE to provide wideband CSI feedback across the NBs of M-PDCCH transmission and across the NBs of PDSCH transmission.  

For a TDD system, the measurement burden can be moved to the eNB and the UE power consumption associated with CSI reports can be reduced by the UE transmitting SRS over the NBs of M-PDCCH or, in general, over a set of configured NBs. For a FDD system, SRS transmission can provide UL CSI for subsequent NB/PRB selection for PUSCH transmission by the eNB. Although the PUSCH DMRS can also serve this role, PUSCH transmissions in NB/PRBs where the UE experiences poor SINR and potentially much longer time scale for link adaptation are required (same issue as for legacy UEs).   
Observation 10: It is beneficial to maintain the legacy eNB capability to configure SRS transmissions also for Rel-13 low cost UEs over a configured set of NBs.  
3 Conclusions

This contribution considered aspects for PDSCH/PUSCH transmission timing, PDSCH/PUSCH transmission resources, and CSI measurements. Based on the observations, the following are proposed.
Proposal 1: The number of HARQ processes for UEs in enhanced coverage is 1. The number of HARQ processes for UEs in normal coverage, and possibly in “small” coverage, is 2.  

Proposal 2: The number of repetitions for an M-PDCCH transmission, for a PDSCH transmission, and for a PUSCH transmission is indicated from a respective set of configured numbers by the respective DCI format.  

Proposal 3: UEs requiring repetitions for DL/UL transmissions are semi-statically configured PDSCH/PUSCH resources. 

Proposal 4: UEs in normal coverage or requiring a small number of repetitions, are dynamically indicated the PRB allocation by indication of the NB and of the PRBs within the NB. 
Proposal 5: Subframes not supporting DL/UL transmissions are included in the number of subframes configured for repetitions of DL/UL channel transmissions. 

Proposal 6: A UE can be configured to provide wideband CSI feedback across the NBs of M-PDCCH transmission and across the NBs of PDSCH transmission.   
Proposal 7: A UE can be configured to transmit SRS over a configured set of NBs.   
In addition, the following observations are made.

Observation 1: Whether 
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 depends on the retuning latency. If the retuning latency is in the order of a slot, 
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; otherwise, if the retuning latency is in the order of a subframe, 
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Observation 2: To achieve 
[image: image28.wmf]1

=

k

 for a PDSCH transmission scheduled by an M-PDCCH transmitted with a number of candidate repetitions, the NB of the first PDSCH repetition needs to be same as the NB of the last M-PDCCH repetition and the NB of the first M-PDCCH repetitions for the next higher candidate number of repetitions (if any). 

Observation 3: For retuning latency in the order of 1 subframe, 
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 can be achieved if the NB of the first PDSCH repetition is same as the NB for the next M-PDCCH repetition after the UE detects the DCI format.
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