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1
Introduction
At RAN#85 and the following email discussions, plenty of progress has been made on scheduling aspects with only a few points that still need to be decided. In this contribution, we focus on the identified open issues for the baseline eLAA PUSCH scheduling framework. Our input on 2-stage PUSCH scheduling can be found in our companion contribution [1]. 

2
Remaining open issues on PUSCH scheduling
2.1. MCS to TBS mapping for shortened PUSCH subframes
For legacy PUSCH operation, there is a fixed MCS to TBS mapping independently on the number of available PUSCH symbols/resource elements after potential puncturing and rate matching for UCI and SRS. The eNB for legacy operation has the ability to perform subframe specific link adaptation, but this is again only limited to the first transmission as for non-adaptive HARQ the resource allocation, MCS and TBS are not changing for retransmissions. 
For single subframe eLAA scheduling (using DCI format 0A/4A), the situation in this respect is rather similar, although the PUSCH transmission might not start from the beginning of symbol #0 based on the agreement in [85-1-5] to provide some gap for LBT: 
Transmission on UL is allowed to start at the following times in a UL subframe

· Start of DFTS-OFDM symbol 0

· Start of DFTS-OFDM symbol 1

· 25 us after start of DFTS-OFDM symbol 0

· 25 us + TA value after start of DFTS-OFDM symbol 0
As now for eLAA, adaptive HARQ is used also on UL by default, there is even more possibilities for the eNB for single subframe scheduling (DCI formats 0A/4A) to take the varying number of PUSCH REs into account compared to legacy operation. That is, the eNB can individually determine the MCS for each HARQ (re)-transmission considering the available number of REs. Consequently, no changes are seen as needed at least for single subframe scheduling. 
In case of multi-subframe scheduling, as a common MCS for all scheduled UL subframes has been agreed, the actual coding rate may vary over the subframes in case some of them are having UCI/SRS, a late PUSCH start or the last subframe being shortened. This gives some motivation to consider changes to MCS/TBS mapping. However, there are mechanisms for eNB to reduce variations on the coding rate. Firstly, periodic SRS is not supported in Rel. 14 eLAA Instead, the eNB has the option to select which subframe contains SRS in the scheduled UL burst, which means the eNB can try to balance the number of available resources of the scheduled UL subframes. The late starting OFDM symbol is mainly there to get access to the channel for a continuous UL burst meaning that it mainly happens in the first scheduled PUSCH subframe. The aperiodic CSI with multi-subframe scheduling is multiplexed in the penultimate subframe of the scheduled UL burst. All of these are fully under eNB control, and give the eNB already quite some flexibility in balancing the resources. Therefore, we propose: 

Proposal 1: Do not change the MCS to TBS mapping for LAA, i.e. do not enable any special TBS mapping for PUSCH containing UCI and/or SRS and/or blanked symbol(s).
2.2. On remaining blind decoding adjustment for eLAA
For larger DCI sizes (such as DCI format 4B), there has been the agreement in [85-1-1b] to enable not just a reduction in the number of blind decodes but also enabling for the latest ALs an increase:
A new RRC signaling pdcch-candidateAdjustment can adjust number of BDs on UE specific search space independently for each AL (CCE aggregation level) for each of the DCI formats 0A, 4A, 0B and 4B for each scheduled carrier. The applicable values for BD adjustment for each DCI format are as follows:
· (0, 33, 66, 100)% BD adjustment 

· Applicable to DCI Format 0A

· FFS: applicability to DCI Formats 0B and/or 4A

· (0, 33, 66, 100)% for 1st and 2nd AL  and (0, [50 or 66], 100, [150 or 200])% for 3rd to 5th AL

· Applicable to DCI Format 4B

· FFS: applicability to DCI Formats 0B and/or 4A

First looking at the open issue of which specific reduction (50% or 66%) and increase value (150 or 200%) to utilize, one has to take into account that the number of candidates for higher ALs from the start is rather small (mostly one to 4 candidates). Therefore, in principle using either 50% or 66% will not make much difference as the round operation (and having the 100% option still) will yield the same result for both options for 2, 3 or 4 candidates. For a single candidate, the 100% and 0% option can be both used to either decrease or keep the number to one candidate. So the chosen value does not really matter according to our investigations.
Looking now at the increase case, this will only be needed in the case the number of candidates for the respective AL is rather small already (e.g. 1 to 3 candidates) whereas for a larger number of nominal candidates (>3) no real increase will be needed. For the set of [1,2,3] nominal candidates, the 150% will result in [2,3,5] candidates after the increase whereas [2,4,6] candidates are the result from the 200% increase operation. As the numbers in here are rather close, this might be clearly a matter of taste.  We think that a too large increase in the candidate numbers will not be needed and therefore prefer the 150% value. In order to the have an equal spacing in the adjustment, the 50% value might nicely complement the set of adjustment values. 
Proposal 2: Define the pdcch-candidateAdjustment candidate values as (0,50,100,150) for the 3rd to 5th AL for the larger DCI sizes.

One additional open point to consider now is which of the DCI formats is regarded to be large enough to potentially apply an increase in the number of AL candidates for the 3rd to 5th AL.
The difference in size between Format 0A and 4A, i.e. the single subframe grants, is coming from the 2nd MCS (5bit), precoding (3 or 6bits), 1 additional SRS bit and the additional needed bit for the NDI (1bit), ranging from 10bits (2 UL antenna ports) to 13bits (4 antenna ports).
The difference in size between Format 0A and 0B (i.e. MSF grant assuming N_sf=4), is given by the number of scheduled subframes (2bit), 1 additional bit for SRS subframe selection, additional RV bits (4-2=2bits), additional SF dependent NDI bits (3bit) and the subframe dependent PUSCH start signalling (still FFS, 0-3 addition bits), i.e. 8-11bits in total.
Comparing now Format 0B and Format 4B, the size difference is due to the additional 4 bits needed to support up to 4 NDIs for the 2nd TB (on top of 2nd MCS, precoder information) resulting in a difference of 12 (2 ports) or 15bits (4 ports).
We tried to put the relation between the sizes of the DCI formats in Table 1:

	DCI format
	DCI size relative to Format 0A 

	0A
	Xbits

	0B
	X+(8-11) bits

	4A
	2APs: X+10bits
4APs: X+13bits

	4B
	2APs: X+(20-23)bits
4APs: X+(23-26)bits


Table 1: Difference in DCI sizes with reference to DCI format 0A (with N_sf=4 for MSFG)

Looking at Table 1, the size of format 0B and 4A will be rather similar independent of the remaining open issues of the DCI content. Therefore, having the same treatment for both DCI formats seems logical. 

The steps in DCI size from Format 0A to 0B/4A is about the same as from 0B/4A to DCI format 4B. Therefore, the choice from DCI size alone is not that obvious. But considering, that the number of candidates for the 3rd to 5th AL anyhow is rather small, the steps of 0/50/100 should be sufficient there to enable a coarse enough reduction options. We therefore propose to enable the candidate increase also for DCI formats 0B/4A on top of DCI format 4B.

Proposal 3: Enable a candidate increase for large ALs also DCI formats 0B/4A on top of the already agreed support for DCI format 4B. 

2.3. Starting PUSCH DFT-S-OFDM symbol indication
From the email discussions following RAN1#85, the following related agreement and discussion note are available:
Agreement:
Transmission on UL is allowed to start at the following times in a UL subframe

· Start of DFTS-OFDM symbol 0

· Start of DFTS-OFDM symbol 1

· 25 us after start of DFTS-OFDM symbol 0

· 25 us + TA value after start of DFTS-OFDM symbol 0

Notes as basis for further discussion: FFS on the indication of starting PUSCH DFT-S-OFDM symbol
· option 1) Starting PUSCH DFT-S-OFDM symbol in a DCI format 0B/4B applies only to the first scheduled subframe. 

· A single UL grant for an LAA SCell can only schedule subframes which composes a same UL transmission burst of a same UE 

· option 2) DCI format 0B/4B indicates starting PUSCH DFS-S-OFDM symbol in one or multiples of the scheduled subframes 

· option 2-1) 2-bit joint indication for the starting PUSCH DFT-S-OFDM symbol, the 4 states define the starting in symbol #1 as: {in none of SFs, in all SFs, only in the 1st subframe, in 1st and 3rd subframe} 

· option 2-2) N_sf size bitmap to indicate the starting PUSCH DFT-S-OFDM symbol position for multiple scheduled subframes. The bitmap size changes according to the configuration of N_sf for MSF, i.e., 2~4. 

· option 2-3) One bit to indicate the starting PUSCH DFT-S-OFDM symbol for the 1st subframe, x bit to indicate starting PUSCH DFT-S-OFDM symbol position in one of the following subframes if N_max >=2. The size of x changes according to the configuration of N_max for MSF.

First, the discussions in the email discussion [85-1-1] had assumed that only two possible starting times would be available, whereas now 4 different starting points are possible based on the agreement in [85-1-5]. This becomes specifically tricky when considering the flexible discussed options 2 (2-1 to 2-3). 
In general, we do not see a need to dynamically enable the signalling of a different late PUSCH start (compared to start in symbol 0). A higher-layer configurability for one of the 3 late PUSCH starting points should provide sufficient flexibility for network operation. The dynamic indication of starting in the DCI would then only indicate if PUSCH is to start in symbol 0 or the higher layer configured late starting point from the set {Start of DFTS-OFDM symbol 1, 25 us after start of DFTS-OFDM symbol 0, 25 us + TA value after start of DFTS-OFDM symbol 0}

Proposal 4: Provide a higher-layer configuration of a single late PUSCH starting point for a UE from the set {Start of DFTS-OFDM symbol 1, 25 us after start of DFTS-OFDM symbol 0, 25 us + TA value after start of DFTS-OFDM symbol 0} and enable dynamic indication in the DCI, if PUSCH transmission is to start in symbol 0 or the higher-layer configured late starting point. 
Having such agreement in place, the different laid out options from the email discussions results in the following DCI signalling overhead:

· DCI format 0A/4A: 1bit

· DCI format 0B/4B:

· Option 1: 

1bit (as for DCI formats 0A/4A)

· Option 2-1: 
2 bits

· Option 2-2: 
N_sf bits (2 to 4bits)

· Option 2-3: 
1bit + 1-2bits (2-3bits in total)

As also pointed out during the email discussions, we think that some flexibility might be required and therefore, Option1 is seen as being too restrictive. Comparing the different alternatives for Option 2, we see that Option 2-3 is not bringing much flexibility advantage compared to Option 2-1 (but requiring one more bit) and not saving much signalling overhead compared to Option 2-2 (having full flexibility). Therefore, we think that the final choice should be made between Option 2-1 (giving full flexibility for up to 2 scheduled subframes) and 2-3 (full flexibility independently of the number of scheduled subframes). As noted during the email discussion, we see some advantages in keeping the DCI size within limits and therefore propose to adopt option 2-1.

Proposal 5: Adopt Option 2-1 for PUSCH start dynamic signalling:
2-bit joint indication for the starting PUSCH DFT-S-OFDM symbol, the 4 states define the higher-layer configured late PUSCH start to be applicable {in none of SFs, in all SFs, only in the 1st subframe, in 1st and 3rd subframe}. 

3
Summary 
In this contribution, we discussed the remaining issues in terms of UL DCI design for eLAA UL operation. Based on the discussions the following proposals are made:

· Proposal 1: Do not change the MCS to TBS mapping for LAA, i.e. do not enable any special TBS mapping for PUSCH containing UCI and/or SRS and/or blanked symbol(s).
· Proposal 2: Define the pdcch-candidateAdjustment candidate values as (0,50,100,150) for the 3rd to 5th AL for the larger DCI sizes.

· Proposal 3: Enable a candidate increase for large ALs also DCI formats 0B/4A on top of the already agreed support for DCI format 4B. 

· Proposal 4: Provide a higher-layer configuration of a single late PUSCH starting point for a UE from the set {Start of DFTS-OFDM symbol 1, 25 us after start of DFTS-OFDM symbol 0, 25 us + TA value after start of DFTS-OFDM symbol 0} and enable dynamic indication in the DCI, if PUSCH transmission is to start in symbol 0 or the higher-layer configured late starting point. 
· Proposal 5: Adopt Option 2-1 for PUSCH start dynamic signalling:
2-bit joint indication for the starting PUSCH DFT-S-OFDM symbol, the 4 states define the higher-layer configured late PUSCH start to be applicable {in none of SFs, in all SFs, only in the 1st subframe, in 1st and 3rd subframe}. 
Our input on 2-stage PUSCH scheduling can be found in our companion contribution [1]. 
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