Error! No text of specified style in document.
2
Error! No text of specified style in document.

[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #85                                                                                 R1-165519
Nanjing, P.R. China, 23th – 27th May 2016

Source: 	Ericsson
[bookmark: Title]Title:	Updates to Link Level observations
Agenda Item:	6.2.10.3
Document for:	Discussion and Decision
Proposal
Incorporate the following in the text proposal in the Latency reduction TR. 


[bookmark: _Toc441661516][bookmark: _Toc323198822]9.5	Findings from link evaluations on TTI reduction and reduced processing time
In this section the findings from Annex C is outlined for the channels sPDCCH, sPDSCH, sPUSCH and sPUCCH.
[bookmark: _Toc323198823]9.5.1		sPDSCH
For the CRS based transmission mode, it is shown by two sources that general trend that the performance in link level throughput decreases with shorter TTI length and two four sources show no performance difference in throughput with smaller shorter TTI length. Further the BLER performance of short TTI lengths compared to the one of a subframe long TTI is tolerable. One source showed that puncturing of an PDSCH within a subframe long TTI by an short TTI significantly degrades the BLER performance and at higher modulation orders makes the PDSCH undecodable. Whether there are any enhancements to PDSCH reception in this case that would allow better reception performance has not been studied.
For DMRS based transmission mode, it is shown by four five sources that the performance in link level throughput generally decreases with short sTTI operation compared to subframe long TTI. One source however shows the same link level throughput for short sTTI compared to subframe long TTI. It is further shown that shorter sTTIs perform better for higher speeds in link level throughput perspective compared to 7 symbols sTTI using shortened version of the existing DM-RS pattern for downlink subframes. In case of lower speeds, wherein 7 symbol long sTTI using a shortened version of the existing DM-RS pattern results in a higher link level throughput compared shorter sTTI lengths without DM-RS reduction techniques applied. This is mainly due to the additional overhead of shorter sTTI lengths. Further two sources evaluated a TTI length of 2 OFDM symbols where DM-RS is not available in adjacent multiple scheduled short TTIs and showed the link level throughput is increased compared to having DM-RS available in every sTTI. This is targeting to reduce the overhead of DM-RS in case of shorter TTI lengths. Two Three sources evaluated increasing the PRB bundling size and showed that it is beneficial. One Two source showed that it is beneficial when designing thea single DM-RS pattern for shorter TTI lengths to assume a lower number of DM-RS per PRB compared to the subframe long TTImultiple PRBs is beneficial for TTI length of 2 OFDM symbols. Further one source showed that it is feasible to design a DM-RS pattern to support 4-layer transmission with a lower number of DM-RS per PRB compared to the subframe long TTI. Further the BLER performance of short TTI lengths compared to the one of a subframe long TTI is tolerable. One source showed that if beamforming is applied the BLER performance becomes better for DMRS based transmission mode compared to CRS based transmissions mode.
One source studied a TBS selection method to allow transmitting a TB with code rate larger than 1 in an sTTI. It’s shown that the link level throughput can be increased by this TBS selection method, due to achieved time diversity and HARQ combining gain. This has an impact on latency that is out of the scope of the link evaluation.
[bookmark: _Toc323198824]9.5.2		sPDCCH
Link evaluations for sPDCCH operation based on CRS demodulation has been performed by three four sources and showed that BLER performance is tolerable. Further one source showed evaluation results for DM-RS based demodulation and showed that depending on the allocation scheme tolerable BLER performance can be achieved and comparable BLER performance to sPDCCH based on CRS demodulation. The same source further studied PRB bundling and it was shown that it is beneficial. Further one source studied different DM-RS pattern. It is also showed by the same source that DMRS based sPDCCH transmission using the entire OFDM symbols within a sTTI can obtain better performance compared to sPDCCH transmission using a part of OFDM symbols within a sTTI. Also, distributed transmission of sPDCCH shows better performance compared to localized transmission. 

[bookmark: _Toc323198825]9.5.3		sPUSCH
The trend observed is that the performance in link level throughput decreases with shorter TTI lengths. Two sources evaluated DM-RS multiplexing from different UEs, with the assumption that the same bandwidth is used for both UEs. The results show that two or three UEs can be multiplexed. Two Three sources evaluated short TTIs of lengths of 2 and 4 OFDM symbols with DM-RS not being available in multiple adjacent scheduled short TTIs, it is shown that having DM-RS in every second or third short TTI results significant increase in throughput. Further one source studied new new DM-RS design allowing of mixing data and DM-RS in the same OFDM symbol, it is shown that design can increase the  link level throughput. Further the BLER performance of short TTI lengths compared to the one of a subframe long TTI is tolerable. Two sources evaluated short TTI of length of 4 OFDM symbols with shared DM-RS between two short TTIs in a slot by the same UE, and it is shown that the BLER performance compared to the one of a subframe long TTI is tolerable. One source studied a TBS selection method to allow transmitting a TB with code rate larger than 1 in an sTTI. It’s shown that the link level throughput can be increased by this TBS selection method, due to achieved time diversity and HARQ combining gain. This has an impact on latency that is out of the scope of the link evaluation. 

[bookmark: _Toc323198826]9.5.4		sPUCCH
All sources with sPUCCH evaluation show that the performance of sPUCCH degrades generally with shorter TTI length due to the amount of energy transmitted becoming smaller and smaller. Further the results show that for HARQ-ACK payload size of 1 to 40 bits frequency hopping is beneficial. One Two sourceds showed BLER performance for sPUCCH targeting CSI reporting. Considering both CSI and HARQ-ACK feedback, the following can be observed. Smaller payload sizes e.g. 1 to 2 bits results in tolerable performance for the shortest TTI lengths. Larger payload sizes e.g. 5 to 40 bits, can achieve tolerable performance with a longer sTTI length.
3GPP
