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1 Introduction

In this contribution we discuss outstanding topics related to the definition of PDSCH transmission for Rel-13 low complexity (LC) and coverage enhanced (CE) UEs [1].
2 Discussion
Here we address some of the open issues identified related to PDSCH transmission.

2.1 Miscellaneous open issues
Should VRB of distributed type be supported?
Since the UE bandwidth is only 6 RBs, it is not motivated to support VRB of distributed type. 
Proposal 1:
VRB of distributed type is not supported. 
Should DL resource allocation types 0/1/2 all be supported or only a subset?
We prefer to use only one allocation type per CE mode. We propose allocation type 0 (with bitmap indicating resource blocks within the assigned narrowband) for CE mode A. For CE mode B we propose to always use 6 PRBs for CE, thus no signalling of allocation required.
Proposal 2:
Only allocation type 0 is supported for CE mode A. For CE mode B, 6 PRBs are always used thus, no signaling of allocation required. 
How is the RAN1#80bis agreement to being able to receive PDSCH and transmit PUSCH in every subframe in FD-FDD combined with the RAN1#82 working assumption not to support same-subframe scheduling for PDSCH? 
These agreements/working assumptions apply to low-complexity UE not operating coverage enhancements, and a consequence of them is that the legacy number of downlink HARQ processes will not be enough, given the increased roundtrip time due to the scheduling delay. Possible options include:

· Option 1: Do NOT confirm the following WA (i.e. allow same subframe scheduling in non-repetition case)

· Option 2: Increase the number of DL HARQ processes to 10

· Option 3: Reduce the eNB processing time between receiving a HARQ Feedback (PUCCH) and transmitting a PDSCH

We propose that the working assumption to not support same-subframe scheduling is confirmed.
If RAN1 wants to honor the RAN1 agreement that the UE can receive PDSCH and transmit PUSCH in every subframe in FD-FDD, the most straightforward solution seems to be to support 10 DL HARQ processes in CE mode A in FD-FDD, i.e. Option 2, especially if it can be done without increasing the required soft buffer size. If there would be a solution that does not require an additional DCI bit for the HARQ process indication, it would be even better.
Proposal 3:
The working assumption to not support same-subframe scheduling is confirmed. 
Proposal 4:
The number of DL HARQ processes in FD-FDD is increased to 10 for a low-complexity FD-FDD UE not operating coverage enhancements 
How is the RAN1#80bis agreement to being able to either receive PDSCH or transmit PUSCH in every subframe in TDD combined with the RAN1#82 working assumption not to support same-subframe scheduling for PDSCH? 
The following was agreed in RAN1#82bis: 

· Decide between two options in RAN1#83

· Option 1: The number of TDD DL HARQ processes under cross-subframe scheduling in case of no repetition are as follows

	TDD UL/DL configuration
	Maximum number of HARQ processes

	0
	6

	1
	9

	2
	12

	3
	11

	4
	14

	5
	16

	6
	8


· Option 2: The same number of Rel-12 TDD DL HARQ processes is used for LC UEs in case of no repetition

We have no strong preference between the two options but if RAN1 wants to honor the RAN1 agreement that the UE can either receive PDSCH or transmit PUSCH in every subframe in TDD then perhaps Option 1 is the most straightforward solution.
Proposal 5:
The number of DL HARQ processes in TDD is increased according to Option 1 for a low-complexity UE not operating coverage enhancements.
What should be maximum number of DL HARQ process and UL HARQ process for HD-FDD, FD-FDD, and TDD when UE is operating with  small coverage enhancement?

The maximum number of DL/UL HARQ processes should be decided by the CE mode. Therefore the number of DL/UL HARQ processes is the same in the small coverage enhancement case as in the case with no repetition.
Proposal 6: 
The number of DL/UL HARQ processes is the same in the small coverage enhancement case as in the case with no repetition.
Should it be possible to schedule the UE to the same or a known narrowband without DCI indication? 
The following agreements were reached in RAN1#81 and RAN1#82bis:

· For Rel-13 low complexity UEs in normal and small enhanced coverage, under cross-subframe scheduling,

· Case 1:

· For unicast PDSCH, DCI indicates one of  narrowband  and further indicate resource allocation within narrowband 

· 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

· Case 2:

· 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

· k=1

· This doesn’t preclude predefined frequency hopping 

· FFS: how to handle the subframe used for retuning in case of frequency hopping is applied
We propose that Case 2 should not be supported, i.e. that it should not be possible to schedule the UE to the same or a known narrowband without DCI indication.
Proposal 7: 
It should not be possible to schedule the UE to the same or a known narrowband without DCI indication for Rel-13 low complexity UEs in normal and small enhanced coverage, under cross-subframe scheduling.
Should an RV cycling pattern be used within a PDSCH bundle?

The same approach is used for PDSCH as for PUSCH. RV cycling pattern is (0, 2, 3, 1) for short PDSCH bundle. In case of longer PDSCH bundle, each RV is repeated during Z subframes where Z is not an explicit configuration parameter. 

Proposal 8: 
RV cycling should be the same for PDSCH as for PUSCH.
Should PRB bundling be supported for PDSCH?

The following agreements allowing cross-PRB channel estimation were agreed in RAN1#80bis and RAN1#81:

· Within subframes for M-PDCCH transmission for UEs operating coverage enhancements, 

· The UE may assume the same precoding matrix per antenna port applies at least on the same PRB for at least X subframes.

· X value and indication are FFS

· This does not preclude dis-continuous transmission for the M-PDCCH

· FFS: The UE may assume the same precoding matrix per antenna port applies on a PRG for at least X subframes.

· FFS: Details on PRG size

We believe that it is reasonable to have the same support for PRB bundling for DMRS based PDSCH transmission as for M-PDCCH. We propose to support PRB bundling using the PRG size 3. 
Proposal 9: 
PRB bundling is supported for DMRS based PDSCH transmission, using the PRG size 3.

What values, or ranges of values, should be used for the number of consecutive subframes for which the same precoding matrix is assumed per antenna port?

The following agreements allowing cross-subframe channel estimation were made in RAN1#82 and RAN1#82bis:

· When frequency hopping is configured for the PDSCH with DMRS-based transmission , 
· Same precoding matrix is assumed per antenna port at least on the same PRB for at least X consecutive subframes
· Precoding matrix may vary  from one set of X subframes to another set of X subframes
· X is the number of consecutive subframes where PDSCH is transmitted in the same narrowband (excluding retuning time)
· This does not preclude dis-continuous transmission of the PDSCH
· When frequency hopping is NOT configured for the PDSCH/M-PDCCH with DMRS-based transmission, 
· If  X is provided via higher layer signalling,
· Same precoding matrix is assumed per antenna port at least on the same PRB for at least X consecutive subframes
· Precoding matrix may vary  from one set of X subframes to another set of X subframes
· Note: FFS the values of X

· Otherwise,
· Same precoding matrix is assumed per antenna port at least on the same PRB across entire repetitions
For frequency hopping, we propose to use the same value for X and Y, i.e. constant precoder per hopping interval. Without frequency hopping, we propose to use the same range of values. 
Proposal 10: 
For M-PDCCH and DMRS-based PDSCH transmission, when frequency hopping is used, we propose that the precoder matrix is kept constant for the number of consecutive subframes where PDSCH is transmitted in the same narrowband. When frequency hopping is not used, we propose to use the same range of values.
How should clashes between PDSCH and PUSCH HARQ feedback be handled / resolved?
PDSCH and PUSCH HARQ feedback signaling can be in different narrowbands. There are some options as to how clashes between PDSCH and PUSCH HARQ feedback signaling are handled:

· Option 1: eNodeB scheduling

· Option 2: Precedence rules of PDSCH relative to PUSCH HARQ feedback signaling (i.e. receive either PDSCH or PUSCH HARQ feedback, but not both). 

· Option 3: Multiplexing of PDSCH and PUSCH HARQ feedback signaling. 
We prefer to handle this through eNodeB scheduling (Option 1).
Proposal 11: 
Handle clashes between PDSCH and PUSCH HARQ feedback through eNodeB scheduling.
How many eNodeB transmit antenna ports should be supported by the UE? 
For CRS based transmission, we propose that up to four antenna ports can be used. For DMRS based transmission, the number of antenna ports as seen from the UE for demodulation purposes is only one. Issues related to CSI reporting are discussed elsewhere.
Proposal 12:
We propose that up to four antenna ports can be used for CRS based transmission.

2.2 Number of repetitions for PDSCH
We will now discuss ranges of the required number of repetitions for PDSCH, and how this is configured. We base the desired range of repetition using 

· Frequency hopping and

· Cross-subframe channel estimation,

but no other coverage enhancement techniques such as precoder cycling or reference signal boosting. Furthermore, we present here results for EPA 1Hz, since this channel profile has shown to require higher number of repetitions than other ones studied. When frequency hopping is not used and/or when the used narrowbands of the UE are in deep fading dips for a long time, the required number of repetitions may be significantly higher. This means that one may have to rely on HARQ retransmissions in these cases if the available range of repetitions is not enough. In other cases, the required number of repetitions may be substantially lower than the ones based on average EPA. This is for example the case if the UE is in a favorable position for at least some of the used narrowbands, or if the channel profile is more benign than EPA, or if additional coverage enhancement techniques are used. In such cases, it is desired that the scheduler is able to select significantly lower number of repetitions in order not to waste system resources. Furthermore, there should be enough granularity of the repetition factor to cover this range. This shall however be balanced with the amount of signaling required in M-PDCCH and/or higher layer signaling to accomplish this. 
In order to find suitable ranges, we first study frequency hopping with a hopping interval of Y = 8 ms. Other values will be studied in the following section.
We study the number of required repetitions R at three different coverage enhancement levels, corresponding to 5, 10, and 15 dB coverage enhancement, which are translated into DL SNR of -4.3 dB, -9.3 dB and -14.3 dB. In RAN1#82bis it was agreed to use the notion of CE modes, where CE mode A corresponds to no or small number of repetitions, and CE mode B corresponds to large number of repetitions. Translating this into SNR regions, we here assume that SNR=-4.3 dB (5 dB coverage enhancement) corresponds to CE mode A, whereas SNR below -9.3 dB (10 dB or more coverage enhancement) corresponds to CE mode B.

We also consider different values of the transport block size, from MCS0 = 152 bits (assuming 6 RB allocation) to maximum TBS = 1000 bits. Simulations have been conducted according to the simulation assumptions listed in the Annex. Approximate required numbers of repetitions are listed in Table 1.
Table 1
  Required number of repetitions R for different SNRs and different TBS for EPA 1 Hz using frequency hopping with Y=8ms. Numbers in parentheses are from summary documents [3] and [4].
	
	CE mode B
	CE mode B
	CE mode A

	TBS size
	SNR = -14.3 dB
	SNR = -9.3 dB
	SNR = -4.3 dB

	152 bits
	70 (67)
	16
	10

	256 bits
	128
	25
	12

	504 bits
	210 (140-307)
	44 (14-32)
	16 (3-8)

	1000 bits
	300
	84
	20


The results in parentheses have been taken from cases with somewhat similar simulation assumptions presented in summary documents [3] and [4]. One can make the (rather obvious) observations:

1. The number of repetitions R increases with increasing TBS

2. The number of repetitions R increases with decreasing SNR

As previously noted, there is a fairly large spread in the simulation results, but the given results can still serve as a basis for selecting suitable ranges for the number of transmissions. Considering all numbers in the table, they range from 3 to above 300. Considering the CE modes separately we find that

· Repetitions factors for CE mode A may be up to 20 (and should be possible to set to 1, i.e. no repetition). 
· Repetitions factors for CE mode B range from 16 to 300. One may argue one should not optimize for the largest TBS at the worst coverage, and thus we propose to use 256 repetitions as the highest R value.
It is proposed to have some overlap in the ranges between the modes, in order to obtain similar behavior when switching between the modes. We propose to use the range 1-16 for CE mode A and 8-256 for CE mode B. These ranges should be defined as semi-statically configured value sets, or be hardcoded in the standard per CE mode. The actual number of repetitions used for a transmission is then indicated dynamically in the DCI. 
In its simplest form, the DCI explicitly indicates the number of repetitions used. For example, if 3 bits are used to indicate the number of repetitions, this corresponds to 8 different possible values for the repetition factor R, which for CE mode B could be correspond to R selected from the set
R ({8, 16, 32, 48, 64, 96, 128, 256}

Another solution would be to have the DCI indicate a factor R’ such that the actual number of repetitions is given by R=Rmin*R’, where Rmin indicates the smallest repetition factor for the particular coverage enhancement mode.  If for example Rmin= 8, and R’ can take values from the set 
R’ ( {1, 2, 4, 6, 8, 12, 16, 32}

the same range above can be achieved. The factor Rmin can be determined in different ways, e.g.

· Based on the TBS size, to capture the dependency between R and TBS, and/or
· The number of repetitions used for the M-PDCCH transmission scheduling the PDSCH transmission, since these are highly correlated and follow the SNR operating point, and/or

· Configured by the network via higher layer signaling.
The benefit compared to using a fixed explicit set of values for R is that it increases configurability to different ranges. For simplicity we propose to use only the option to configure Rmin  using higher layer signaling, but the other options can still be considered.
Proposal 13:
Determine the repetition factor R as R=Rmin*R’, where R’ is indicated by DCI from a fixed table defined in the standard, and Rmin is defined using higher layer signaling. 
Proposal 14:
For PDSCH, CE mode A should capture repetition levels 1-16, and CE mode B should capture repetition levels 8-256.
2.3 Frequency hopping interval

In the previously presented results in this contribution, a frequency hopping period Ych = 8 was used. The results from different companies in [3] and [4] use different hopping periods, but no conclusion can be drawn on optimal value for Ych. Based on new simulations comparing the performance using different hopping periods, the following observations were made:

· It is always better to do frequency hopping than not, regardless of the repetition factor R

· Except for low repetition factors, smaller values than Ych = 8 should be avoided due to the loss in ability to do cross-subframe channel estimation.
· There is almost no performance difference for values of Ych ≥ 8. 
From an implementation point of view, it may be desirable to retune the receiver as rarely as possible, but there seems to be no performance benefit associated with it. Furthermore, in order to facilitate scheduling of several UEs, it is desired that as few values as possible are used for the hopping period. We propose to use 4 ms frequency hopping interval for CE mode A and 8 ms for CE mode B.
Proposal 15:
Use Ych = 4 for CE mode A and Ych = 8 for CE mode B.
3 Conclusions

In this contribution, we discussed outstanding issues for PDSCH. Based on the discussion, we have the following proposals:
Proposal 1:
VRB of distributed type is not supported. 
Proposal 2:
Only allocation type 0 is supported for CE mode A. For CE mode B, 6 PRBs are always used thus, no signaling of allocation required. 
Proposal 3:
The working assumption to not support same-subframe scheduling is confirmed. 
Proposal 4:
The number of DL HARQ processes in FD-FDD is increased to 10 for a low-complexity FD-FDD UE not operating coverage enhancements 

Proposal 5:
The number of DL HARQ processes in TDD is increased according to Option 1 for a low-complexity UE not operating coverage enhancements.
Proposal 6: 
The number of DL/UL HARQ processes is the same in the small coverage enhancement case as in the case with no repetition.
Proposal 7: 
It should not be possible to schedule the UE to the same or a known narrowband without DCI indication for Rel-13 low complexity UEs in normal and small enhanced coverage, under cross-subframe scheduling.
Proposal 8: 
RV cycling should be the same for PDSCH as for PUSCH.
Proposal 9: 
PRB bundling is supported for DMRS based PDSCH transmission, using the PRG size 3.
Proposal 10: 
For M-PDCCH and DMRS-based PDSCH transmission, when frequency hopping is used, we propose that the precoder matrix is kept constant for the number of consecutive subframes where PDSCH is transmitted in the same narrowband. When frequency hopping is not used, we propose to use the same range of values.
Proposal 11: 
Handle clashes between PDSCH and PUSCH HARQ feedback through eNodeB scheduling.
Proposal 12:
We propose that up to four antenna ports can be used for CRS based transmission.
Proposal 13:
Determine the repetition factor R as R=Rmin*R’, where R’ is indicated by DCI from a fixed table defined in the standard, and Rmin is defined using higher layer signaling. 

Proposal 14:
For PDSCH, CE mode A should capture repetition levels 1-16, and CE mode B should capture repetition levels 8-256.

Proposal 15:
Use Ych = 4 for CE mode A and Ych = 8 for CE mode B.
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