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

· Agreement: 

· For DL transmission for sTTI

· TM1, 2, 3, 4, 6, 9, 10 are supported for FS1.

· TM1, 2, 3, 4, 6, 8, 9, 10 are supported for slot based sTTI for FS2.

· Note: For 2 symbol sTTI design TM8 is not supported in this WI

In the previous meeting RAN1#87 in Reno, sTTI DL structure for 2-OS sTTI has been agreed. This structure preserves slot-boundary and such simplifies the multiplexing with 7-OS slot-based sTTI. The agreed 2-OS sTTI structure defines the length of sPDSCH. This setting the granularity of sPDSCH in time, while it is still opened what will be the sPDSCH granularity in frequency. 
In this contribution we will particularly address other open issues such as frequency allocation aspects of sTTI, TBS determination as well as the remaining sPDSCH TM specific details. 
2
Scheduling granularity in DL 
For a specific resource allocation, the TTI shortening results in decreased TBS by about the ratio of TTI length (in number of symbols). Currently in LTE, minimum TBS corresponds to 1PRB-pair with the lowest payload being equal to 16bits. When operating at the same MCS with slot-level TTI 2 PRBs would be required whereas for 2-OS about 6 PRBs would be needed here. Supporting smaller TBS than 16bits seems to be not reasonable considering the reduced coding performance of very small block sizes as well as the increased CRC overhead. Therefore, the resource granularity should be increased at least for 2-OS TTI. Moreover, the resource granularity increase has positive impact on the size of DCI, which may compensate, at least partially, the increased control overhead due to TTI shortening. 
The legacy PDSCH transmission modes use three resource allocation types. Type 0, Type 1 and Type 2 with localized and distributed VRB. Type 2 RA-type indicates continuous block of localized/distributed VRBs and is of low overhead. RA Type 0 and Type 1 operates on units called Resource Block Groups (RBG), and the RBG size is carrier BW specific. 
Let us look on the amount of bits required to code RA with different granularities. Tables 1-4 show the required signalling overhead for each RA-type for 5MHz to 20MHz system BW. For Type 0, doubling the RBG size (M=2x) may result in significant overhead savings of 6-12 bits, and quadrupling (M=4x) the RBG size results in savings of 9-18bits. For Type 1, the RBG size can be the same as legacy, in order to provide sufficient hopping diversity, but we assume an increase in the granularity of the bitmap (integer multiple of PRB) addressing the PRBs within the PRB subset. For Type 2, we assume an increase in the granularity of starting PRB as well as granularity of allocation length (both with integer multiple of PRB). 
Table 1 – 5Mhz bandwidth
	Multiple M
	Legacy
	2x
	3x
	4x

	Type 0
	13
	7
	5
	4

	Type 1*
	15
	9
	7
	6

	Type 2
	9
	7
	6
	5


*ideally needed bits, in legacy bounded by Type 0 bit budget

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

	Type 0
	17
	9 /9
	6
	5

	Type 1*
	16
	10
	8/8
	7

	Type 2
	11
	9
	8/8
	7


*ideally needed bits, in legacy bounded by Type 0 bit budget

Table 3 – 15Mhz Bandwidth
	Multiple M
	Legacy
	2x
	3x
	4x

	Type 0
	19
	10
	7
	5

	Type 1*
	22
	13
	10
	8

	Type 2
	12
	10
	9
	8


*ideally needed bits, in legacy bounded by Type 0 bit budget

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

	Type 0
	25
	13
	9
	7

	Type 1*
	28
	16
	12
	10

	Type 2
	13
	11
	10
	9


*ideally needed bits, in legacy bounded by Type 0 bit budget
Based on Tables 1-4 we have the following observations and proposal:
Observation-1: The sizes of DCI formats scheduling sPDSCH can be significantly decreased by increasing the scheduling granularity of RA Types 0 and 1. Only minor overhead savings can be achieved for the compact RA of Type 2. 
In Tables 1-4, the green and red entries show RA granularities for slot-based and 2OS sTTI that would be in our view the most suitable. The RA granularity of slot-based could be doubled, while the RA granularity of 2OS could be 3x or 4x the legacy. The 10MHz RA payloads are specific, because of granularity not being power of 2. Therefore, the suggested RA granularities are similar for both slot as well as 2OS sTTI.
Proposal-1: For sPDSCH, increase the scheduling granularity at least for RA types 0 and 1.
3
sPDSCH TBS determinations
When determining the TBS for DL PDSCH, there are several aspects to consider. The first one is the variation of sTTI length. The number of PDSCH symbols will vary for both 2-OS and slot-based sTTI. The 2-OS sPDSCH length varies between 2 and 3 OS and the slot-based sPDSCH length in slot 0 varies between 4-6OS. Therefore the fluctuation of PDSCH length is doubled compared to legacy 1ms TTI. 
In legacy, if eNB decides to re-tx the TBS in a subframe with different number of available PDSCH symbols compared to original transmission, the varying length of PDSCH changes the effective coding rate. Alternatively, eNB may change the RA size to provide approximately the same coding rate. Therefore, we think that despite the increased sPDSCH length variation compared to legacy, the similar tools as in legacy can be used to compensate it. Therefore, we propose to have a single TBS scaling coefficient s per configured sTTI length. For 2-OS sPDSCH we propose s=2/14 and for slot-based sPDSCH we propose s=7/14.
Two different options on defining the TBS using some scaling have been proposed. The first is using the scaling factor s to be applied on the scheduled number of PRBs N’PRB using the TBS values from the legacy TBS tables directly, as used for the TBS scaling for DwPTS in Sec. 7.1.7 of 36.213 and proposed in [2]. The second approach discussed in [3] scales the underlying TBS values of the 1ms TTI, by using the scaling factor to define basically TBSsTTI=f{s,TBSTTI} . 

In principle, both aim at the same thing but there are small differences in the details which is also depending on the resource allocation granularity & the applicable MCS. Using the PRB scaling, any resource allocation being smaller or not mapping directly with the scaling factor s would lead to the same scaled number of PRBs NPRB – e.g. when allocating 8 or 12 PRBs with the scaling factor for 2OS sTTI of s=2/14 would for both lead to NPRB=1, and consequently to the same TBS independent of the chosen MCS (although the resource allocation is basically double). In contrast using the scaling of the TBS values using similar principles, such as defining the TBSsTTI by mapping s*TBSTTI(N’PRB, MCS) the next smaller supported TBS value for 1ms TTI. In this case, although there is a minor difference compared to the first approach for the smaller MCS, for larger MCS this operation provides clearly more adaptivity of the TBS. Therefore, we believe that scaling the nominal TBS values to the next smaller supported legacy/1ms TTI TBS value to be superior. Please note, that also for the TBS scaling the minimum supported TBS size should be still given by 16bits.
Proposal-2: 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 sPDSCH a scaling factor of s=2/14 and for slot-based sPDSCH a scaling factor of s=7/14 is to be used. 
The second aspect of TBS determination is related to two-stage DCI design discussed in [4], where we propose to signal legacy PDSCH allocation (i.e. frequency resources excluded from sTTI use) to sTTI UEs in sDCI2. This to improve coexistence of PDSCH and sPDSCH with different scheduling granularities. If sPDSCH UE knows about PDSCH resources excluded from its allocation, the sPDSCH could be rate-matched around such a resource, and TBS would be determined based on rate-matched RA. However, this would create strong dependency on sDCI2. Therefore, we propose the TBS is determined based on RA indicated in sDCI1 only, i.e. independent of sDCI2. This behaviour decreases the dependency of sPDSCH on sDCI2 content and is therefore to be preferred.  
Proposal-3: The sPDSCH TBS determination is based on the resource allocation indicated in sDCI1 scheduling the sPDSCH, i.e. independent of any sDCI2 content. 
4
Supported number of layers
The outcome SI [1]states the following: 

For PDSCH transmission in sTTI (sPDSCH for short TTI), both CRS based TMs and DMRS based TMs are recommended to be supported for DL sTTI transmission. No change for CRS definition is envisioned. 

For sPDSCH based on a CRS based transmission scheme the maximum number of supported layers is 4.

For sPDSCH based on a DM-RS based transmission scheme shall be down-selected among the following options

· the maximum number of supported layers is 2

· the maximum number of supported layers is 4

· the maximum number of supported layers is 8

In addition, according to the agreement from RAN1#86b, DMRS-based transmission modes TM8-TM10 are supported for sPDSCH. In legacy, TM8 supports dual-stream beamforming with two ports and OCC2, and TM9 and TM10 are able to support up to 8 DMRS ports, with both OCC 2 and OCC4. 
Short TTI in LTE has been introduced to reduce latency and the main envisioned use-cases are TCP-slow start and low-latency communication (with variable degrees of reliability). Therefore at least for the very short 2-OS sTTI (having lower spectral efficiency), the peak data rate is not of the highest priority and it seems that support of up to two DMRS ports (with OCC2) should be fully sufficient. A reduction of number of antenna ports to two for 2OS sTTI has two-fold benefit. Firstly, only 6REs/short-PRB are sufficient for 2 ports decreasing the DMRS overhead, and secondly, the control overhead of DCI format can be further decreased from 4bits (in case dmrs-tableAlt configuration) to 1bit indicating only the scrambling ID (nSCID). The details of our DMRS design for 2OS can be found in the accompanying contribution [5].
Proposal-4: For 2OS sTTI, support only transmissions up to two DMRS ports (with OCC2) / 2 layers. 

As an outcome of the latency reduction study item the re-use of legacy UL DMRS for slot-based sTTI was recommended. And we prefer that the same should be agreed for DL, in order to avoid unnecessary overhead increase. Also, we prefer that DMRS position in time to be kept unchanged, enabling MU-MIMO paring between slot-based TTI and 1ms TTI. If the legacy DMRS are reused, clearly ports p11-p14 cannot be supported in slot-based sTTI, which must rely only on ports {p7, p8, p9, p10}. 
Proposal-5: For slot-based sTTI TM9 and TM10, support only transmission up to four DMRS ports/4 layers. Reuse the legacy p7-p10 design within the slot.
Proposal-6: For slot-based sTTI TM8, support two DMRS ports/2 layers, as in legacy. 

The CRS ports (1, 2 or 4 CRS APs, p0-p3) will be present independently of the sTTI operation and therefore, there is no need to restrict the operation from reference signal overhead or design point of view. Therefore, we do not see any reason why 4-layer CRS-based transmission using TM3 or TM4 should not be supported for both 2-OS and slot-based sPDSCH.

Proposal-7: The maximum number of spatial layers for CRS-based DL transmission modes for sPDSCH is not changed compared to PDSCH (i.e. 2 layers for 2 CRS ports, 4 layers for 4 CRS ports).  
5
Conclusions
In this contribution we discussed details of the short sPDSCH design in terms of sPDSCH resource allocation granularity, TBS determination and the supported number of SU-MIMO layers. We made following observations and proposals.
Observation-1: The sizes of DCI formats scheduling sPDSCH can be significantly decreased by increasing the scheduling granularity of RA Types 0 and 1. Only minor overhead savings can be achieved for the compact RA of Type 2. 

Proposal-1: For sPDSCH, increase the scheduling granularity at least for RA types 0 and 1.

Proposal-2: 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 sPDSCH a scaling factor of s=2/14 and for slot-based sPDSCH a scaling factor of s=7/14 is to be used. 
Proposal-3: The sPDSCH TBS determination is based on the resource allocation indicated in sDCI1 scheduling the sPDSCH, i.e. independent of any sDCI2 content. 

Proposal-4: For 2OS sTTI, support only transmissions up to two DMRS ports (with OCC2) / 2 layers. 

Proposal-5: For slot-based sTTI TM9 and TM10, support only transmission up to four DMRS ports/4 layers. Reuse the legacy p7-p10 design within the slot.
Proposal-6: For slot-based sTTI TM8, support two DMRS ports/2 layers, as in legacy. 

Proposal-7: The maximum number of spatial layers for CRS-based DL transmission modes for sPDSCH is not changed compared to PDSCH (i.e. 2 layers for 2 CRS ports, 4 layers for 4 CRS ports).  
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