Page 1

3GPP TSG-RAN WG1 #91
R1-17xxxxx
Reno,Nevada, USA, November 27th – December 1st 2017
Source: 
Intel Corporation 
Title:                     
Remaining details of sPUSCH designs 
Agenda item:
6.2.1.2.5
Document for:
Discussion and Decision
1 Introduction
In the RAN1 90Bis meeting [1], the following agreements was further made on UCI mapping on sPUSCH transmissions: 

	Agreement: 

Re-use the legacy mapping rule of UCI on 1ms PUSCH for UCI mapping on 1-slot sPUSCH.

Agreement:
For UCI on sPUSCH: 

· The HARQ-ACK offset values are independently configured for 7-OS sPUSCH and 2/3-OS sPUSCH.

· If CSI transmission on sPUSCH is supported, the beta offset values for CSI are independently configured for 7-OS sPUSCH and 2/3-OS sPUSCH.




This contribution addresses the remaining details of sPUSCH design.  
2. Discussion
2.1 Transmission mode 
In LTE, two transmission schemes are supported for UL multi-antenna transmission schemes. It allows for eNB to implicitly fall-back the transmission schemes on a per subframe basis by using DCI format without transmision mode reconfiguration. This provides a useful tool for network to adapt to varying channel conditions by means of link adapation or channel-dependent scheduling. Given legacy fallback operation is still available to guarantee a same robustness, a fallback transmission schemes should not be introduced for sTTI operation. 

Proposal 1: 

· A fall back transmission scheme is not introduced for sTTI transmissions.
2.2. UCI mapping on 2/3-symbol sPUSCH
For 2-symbol sTTI, the most of the UCI mapping rules of 1ms TTI can be reused, e.g., multiplexing with data REs. What needs some further discussion is the RE mapping as only up to 2 data symbols exist. 
For 2-symbols sTTI with one data symbol, one simple way is to conduct joint coding for the CQI/PMI/RI bits and then map the concatenated bits to the upper region of sPUSCH resources, while the HARQ-ACK coded symbols can be mapped to the bottom region of the sPUSCH resources in frequency.  

For 3-symbol sTTI with two data symbol, the HARQ-ACK coded symbols and RI symbols can be mapped to the separate symbols of the bottom region of the sPUSCH resources to keep resource mapping independent. CQI/PMI is still rate matched to the top region of two data symbols. 
Another open issue related to UCI mapping is how to deal with the impact of transient period related to the ON/OFF transmit mask for RF implementation. For sTTI operation, the power transmit period is set to be 10us out of current sTTI duration. Hence, when the next sTTI is scheduled with other uplink transmnissions, its transient period will overlap the precedent sTTI and degrade UCI performance. 

In [2], the following agreement was made with taking into account the impact of transient period: 

	Agreement:
· For UCI on sPUSCH: 

· The beta offset values for sPUSCH and PUSCH are independently configured.

· The beta offset table for 1 ms operation is re-used


With this agreement, eNB has a full flexibility to mitigate the impact of transmit period on UCI performance by selecting a proper beta offset. Another option is to map HARQ-ACK with an offset from the end of data symbol to protect it from the transient period interference. It is arguably whether it can really provide actual gain in practice. There are several reasons for this. The performance loss is evaluated under the assumption of linear model in dB for the 10us transit period. This period is typically shorter in real implementation e.g. 5us with a non-linear model. Addtionally, the optimal offset value can be varied subslot by subslot as it depends on the bandwidth of sPUSCH in next subslot. In other words, a single offset value configured by RRC will obviously not be optimal from UCI performance point of view. Hence, instead of using a suboptimal offset value without clear real benefit, we prefer to reuse the exsiting mechanism i.e. configuring a separate beta offset for sTTI to gurantee the UCI performance.           

The exact mapping rule for UCI on 2/3-symbol sPUSCH with one or two symbols is shown in FIG.2. 
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                                 Figure 1: UCI mapping on sPUSCH with 1 or 2 data symbols
Proposal 2: 
· For 2-symbols sTTI with one data symbol, concatenate the CQI/PMI/RI bits for joint coding and rate-matching the coded symbols from the first data symbol and upper region of sPUSCH resources and HARQ-ACK is punctured in the data symbols from the bottom

· For 3-symbol sTTI with two data symbols, puncture HARQ-ACK to the bottom of the data symbol which is close to RS symbol, rate matching RI to the bottom of the other data symbol not punctured by HARQ-ACK, CQI/PMI is rate matched to the top region of the two data symbols. 

3. Conclusions
This contribution discusses the remaining details of sPUSCH designs and propose the following:   
Proposal 1: 

· A fall back transmission scheme is not introduced for sTTI transmissions.
Proposal 2: 
· For 2-symbols sTTI with one data symbol, concatenate the CQI/PMI/RI bits for joint coding and rate-matching the coded symbols from the first data symbol and upper region of sPUSCH resources and HARQ-ACK is punctured in the data symbols from the bottom

· For 3-symbol sTTI with two data symbols, puncture HARQ-ACK to the bottom of the data symbol which is close to RS symbol, rate matching RI to the bottom of the other data symbol not punctured by HARQ-ACK, CQI/PMI is rate matched to the top region of the two data symbols. 
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