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Discussion
1
Introduction
In the previous meeting RAN1#88 in Athens, UL sTTI structure {3, 2, 2, 2, 2, 3} aligned with slot boundary has been agreed for 2-symbol sTTI. The 2-symbol sTTI structure defines the length of sPUSCH, setting the granularity of sPUSCH in time. However, it is still opened what will be the sPUSCH granularity in frequency. Furthermore, RAN1 agreed some principles of DCI design 

Agreement:
An sPDSCH/sPUSCH is scheduled by a UE-specific sDCI1

· sDCI1 provides all the necessary information to decode sPDSCH or transmit sPUSCH

· Legacy DCI content is the starting point for sDCI1

· Reduce payload size of sDCI1

· Increase the granularity of resource block assignment 

· FFS the applicability and granularity for each resource allocation type

· FFS: Jointly indicate some of the information

· FFS: which DCI fields to remove from the legacy DCI

· Other methods to decrease the sDCI1 size are not precluded

· FFS: Align the payload size for DL sDCI1 and UL sDCI1 for sPDSCH/sPUSCH scheduling
And agreements on UL DMRS are following
Agreement:
For both 2-symbol and 1-slot sPUSCH transmission 

· Up to 2-layer transmission is supported.

· FFS 4-layer is supported; 
IFDMA DMRS is supported for 2-symbol based sPUSCH

· Support RPF=2

· FFS RPF=4

· Support UL DMRS EPRE power boosting to maintain same transmit power for both DMRS symbol and data symbol

· No new UL DMRS sequence generation compared to PUSCH in Rel-14 (including new sequence length from eFD-MIMO)

In this contribution, we will particularly address frequency allocation aspects of sTTI in Section 2. In addition, in Section 3 we will discuss DCI design for UL TM1 and TM2 and number of supported layers in TM2. TBS determination will be discussed in Section 4.
2
Resource allocation granularity in UL 
TTI shortening results in TBS-size shortening. For DL we propose in [1] that resource allocation (RA) granularity should be increased to avoid very small TBS sizes and to reduce the control overhead of RA in a DCI. However, the situation is different in UL because UL RA types are based on single and two-cluster start-stop coding and the increased RA granularity results only into modest signalling savings as shown in Tables 1-4 for 5-20MHz system BW. In the Tables, the granularity is “multiple of RBs” for Type 0 and “multiple of RBGs” for Type 1. For example, doubling the legacy RA granularity results into modest savings of 2-4bits.
Table 1 - 5MHz Bandwidth
	Multiple M
	Legacy
	2x
	3x
	4x

	Type 0
	9
	7
	6
	5

	Type 1
	10
	7
	4
	3


Table 2 - 10MHz Bandwidth
	Multiple M
	Legacy
	2x
	3x
	4x

	Type 0
	11
	9
	8
	7

	Type 1
	12
	8
	6
	4


Table 3 - 15MHz bandwidth
	Multiple
	Legacy
	2x
	3x
	4x

	Type 0
	12
	10
	9
	8

	Type 1
	13
	9
	7
	4


Table 4 - 20MHz bandwidth
	Multiple
	Legacy
	2x
	3x
	4x

	Type 0
	13
	11
	10
	9

	Type 1
	14
	10
	8
	7


Based on Tables 1 - 4 we have the following observations:
Observation-1: Only modest overhead savings can be achieved for UL Type 0 while slightly larger savings can be achieved for Type 1 RA by increasing the legacy scheduling granularity of 1RB for Type 0 and 1 RBG for Type 1. 
Furthermore, a granularity increase would come with a drawback. When the RA granularity of TTI is finer than that of sTTI, the multiplexing of sTTI with TTI becomes an issue [2]. In DL, the issue can be solved by providing PDSCH resource (or resources excluded from sPDSCH use) to a UE receiving sPDSCH in sDCI2 or by PDSCH puncturing. However, such information will not be available to UEs in UL, and the scheduling collisions of PUSCH and sPUSCH could result in failure of at least one of the colliding transmissions, this clearly being an unwanted behaviour. At the DL side, the PDSCH and sPDSCH scheduling happens within a timeframe of 1ms (within a DL subframe) whereas on the UL side the PUSCH needs to be scheduled 3 or 4ms before the transmissions and 2OS sTTI about 1ms before the sPUSCH transmission. Therefore, the issue of PUSCH & sPUSCH multiplexing is clearly more severe compared to the DL direction. Moreover, RAN1 considers unification of UL and DL formats to reduce the number of blind decodes. Note that DL RA types 0 and 1 are much more bit hungry than UL compact RA types, and DL RA payload after reduction (by increasing RA granularity) would be similar/comparable to UL RA payload.   

Therefore, we think that the RA granularity for sPUSCH should not be increased. 
Proposal-1: For sPUSCH, do not increase the resource allocation granularity.
3
On operation of TM1 and TM2 with 2OS sTTI
There are two transmission modes in UL: (1) Single antenna TM1 (scheduled using DCI Format 0) supporting at most single-layer/codewords and (2) multi-antenna TM2 (supporting also DCI Format 4) supporting dual-codeword transmission with up to 4 layers using precoded DM-RS. This results in significant difference in size between Format 0 and Format 4 (14bits in 20MHz). In addition, a UE configured to follow Format 4 is obliged to look for DCIs of both UL formats. Obviously, this is unwanted behaviour especially in case of 2-symbol sTTI operation, where the number of blind decodes within each sTTI should be as small as possible. Therefore, for at least for 2-OS sTTI we think it would be beneficial to support always only a single DCI format for UL grant. Depending on the eNB configuration and UE capability a UE would monitor one of the following formats:
· Format A: 1-CW single port format for UEs non-capable of UL MIMO. 
· Format B: 1-CW format with TPMI for up to 2 layers and UEs capable of UL MIMO. This format can be configured by the eNB. Fall-back to Format A is not supported, as single port transmission is possible by selecting single port TPMI. 
· Format C: 2-CW format with TPMI for up to 4 layers (if supported) for UEs capable of supporting UL MIMO. This format can be configured by the eNB. Fallback to Format A & Format B is not supported, as single port transmission is possible by selecting single port TPMI and 2-layer TPMI is subset of 4-layer TPMI codebook.  
In [1], we consider a 1-CW DCI format for sTTI operation, which would be able to schedule sPDSCH with up to two layers with a single-CW. We think that having such a format would make sense also for sPUSCH (Format B). This reduces the DCI payload size significantly (by 6bits) and is applicable to majority terminals in the field. As very few terminals support more than 2 RX ports, in UL, even fewer terminals support more than 2 TX ports. Moreover, DCI format (at least the size of it) could be common for UL and DL. 
Proposal-2: RAN1 to consider the support a single-codeword DCI format for up to 2-layer sPUSCH operation. This DCI format could be unified in size with the single-codeword two-layer DCI format for scheduling sPDSCH.
In RAN1#88, support of 2 layers for both 2-symbol and 1-slot sPUSCH transmission has been agreed, and the support of 4 layers is FFS. When 2-OS UL DMRS are shared between consecutive sTTIs and on each sTTI one or two UEs are multiplexed in MU-MIMO, the number of cyclic-shifts would not be sufficient if 4 layers per UE are allowed. Therefore, there is no need to support 4-layer PUSCH transmission for 2-OS sTTI. 

Proposal-3: For 2/3 OS sTTI, 4-layer PUSCH transmission is not supported.
For the 1-slot sTTI, the situation is different, because UL DMRS are not shared between the sTTIs. therefore,
Proposal-4: For 1-slot sTTI, 4-layer PUSCH transmission is supported.

4
sPUSCH length and TBS determination
In RAN1#87, the following agreement was made:
· Agreement: 

If sPUSCH is transmitted, the number of symbols available for data transmission within a sTTI can be 
· 1 or 2 for a sTTI with 2 symbols
· FFS: 1 or 2 or 3 for a sTTI with 3 symbols 
Based on the agreement it is for further study how many data symbols should be supported in 2-symbol sPUSCH in the 3-symbol long sTTIs. In our view, the number of data symbols should be 2 whenever possible. This minimizes the variation of available REs within the short PRB. In addition, we see that the possibility of having 2 UL DMRS symbols in 3-symbol sTTI does not need to be supported. However, in the end the number of data symbols within 3-symbols sTTI should depend on the size of the codebook indicating the DMRS position in sDCI1, and the most useful combinations of data and DMRS should be chosen for the given sTTI.   
Observation-2: The number of symbols available for data transmission within 3-symbol sTTI should be the outcome of the “DMRS position indication” codebook design.

Similarly as discussed in [1], we propose that the TBSsTTI in UL is determined by mapping s*TBSTTI(N’PRB, MCS) to the next smaller supported TBS value for 1ms TTI. The TBSTTI(N’PRB, MCS) is a legacy TBS table, s is sTTI-length specific scaler and N’PRB is the number of allocated RBs indicated by RA field in sPUSCH grant. 
Proposal-5: The legacy TBS tables for PDSCH can be scaled by a coefficient s corresponding to the configured sTTI length (and mapped to the next smaller existing TBS value). For 2-OS sPUSCH a scaling factor of s=2/14 and for slot-based sPUSCH a scaling factor of s=7/14 is to be used. 
5
Conclusions
In this contribution, we made following observations and proposals:
Observation-1: Only modest overhead savings can be achieved for UL Type 0 while slightly larger savings can be achieved for Type 1 RA by increasing the legacy scheduling granularity of 1RB for Type 0 and 1 RBG for Type 1. 

Proposal-1: For sPUSCH, do not increase the resource allocation granularity.
Proposal-2: RAN1 to consider the support a single-codeword DCI format for up to 2-layer sPUSCH operation. This DCI format could be unified in size with the single-codeword two-layer DCI format for scheduling sPDSCH.

Proposal-3: For 2/3 OS sTTI, 4-layer PUSCH transmission is not supported.

Proposal-4: For 1-slot sTTI, 4-layer PUSCH transmission is supported.

Observation-2: The number of symbols available for data transmission within 3-symbol sTTI should be the outcome of the “DMRS position indication” codebook design.

Proposal-5: The legacy TBS tables for PDSCH can be scaled by a coefficient s corresponding to the configured sTTI length (and mapped to the next smaller existing TBS value). For 2-OS sPUSCH a scaling factor of s=2/14 and for slot-based sPUSCH a scaling factor of s=7/14 is to be used. 
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