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Discussion
1
Introduction
In RAN1#86b, companies made a following agreement

· Agreement: 

· For UL transmission for sTTI

· TM1 and TM2 are supported

In the previous meeting RAN1#87 in Reno, two UL sTTI structures for 2-symbol sTTI has been agreed for further down-selection. Both these structures preserve slot-boundary and as such simplify the multiplexing with slot-based sTTI. The 2-symbol sTTI structures define the length of sPUSCH, setting the granularity of sPUSCH in time. However, it is still opened what will be the sPUSCH granularity in frequency. 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 PRBs” 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 both UL Type 0 and Type 1 RA by increasing the scheduling granularity. 
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. 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. Therefore, the need for increased scheduling granularity for 2-symbol sTTI in UL should be considered only if absolutely needed, e.g. for unification of DCI format size of UL and DL. In order to avoid very small TBS, the minimum allowed number of RBs to be scheduled in UL can be specified.  
Proposal-1: For sPUSCH, consider the resource granularity increase only if absolutely needed. 
Proposal-2: To avoid very small TBS for sPUSCH, specify the minimum allowed number of scheduled RBs.  
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. In legacy, the single-codeword DCI Format0/1A schedules both UL and DL. Therefore, at least for 2-symbol sTTI in DL, one could also unify the size of dual-codeword DCI formats of UL and DL. 
Observation-2: To reduce the number of blind decodes at sTTI UE, the size of dual-codeword DCI formats of UL and DL could be unified.
As mentioned already above, the UL TM2 supports up to 4 precoded DMRS ports, which can be multiplexed with different cyclic shifts within a single DMRS symbol. On the other hand, as discussed in [3], at least with 2-symbol sPUSCH it may make sense to utilize IFDMA type of DMRS, which were introduced to eFD-MIMO in Rel-14. With IFDMA it is not fully clear if support for 4 orthogonal cyclic shifts can be provided. However, at least dual-layer transmission can be supported for both 2-symbol and slot-based sPUSCH.
Proposal-3: UL TM2 on sPUSCH should support at least dual-layer transmission. Support for 4 layers depends on the UL DMRS structure and is FFS. 
4
sPUSCH length and TBS determination
In RAN1#87, companies made the following agreement

· 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 3 symbol long sTTI. We prefer that only two data symbols are allowed. This minimizes the variation of available REs within the short PRB. Also, mandating 3 symbol long sPUSCH to contain one DMRS symbol, minimizes the need to schedule DMRS transmission in 2-symbol long sTTI, which minimizes the need of transmitting sPUSCH with only 1 data symbol. The low variation of available REs within short PRB simplifies also the scheduling of retransmissions. Furthermore, we think that precluding possibility of 2 UL DMRS symbols is 3-symbol sTTI also avoids sPUSCH with 1 data symbol. Therefore:
Proposal-4: 3-OS long UL sTTI carries exactly 2 data symbols.   

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 both UL Type 0 and Type 1 RA by increasing the scheduling granularity. 

Proposal-1: For sPUSCH, consider the resource granularity increase only if absolutely needed. 

Proposal-2: To avoid very small TBS for sPUSCH, specify the minimum allowed number of scheduled RBs.  
Observation-2: To reduce the number of blind decodes at sTTI UE, the size of dual-codeword DCI formats of UL and DL could be unified.

Proposal-3: UL TM2 on sPUSCH should support at least dual-layer transmission. Support for 4 layers depends on the UL DMRS structure and is FFS
Proposal-4: 3-OS long UL sTTI carries exactly 2 data symbols.   

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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