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1. Introduction
The following was agreed in RAN1#58bis regarding how to proceed on layer shifting [1]:
· Keeping both modes during the study item phase seems appropriate at this time. 

· Down selection of one of the options to take place in WI stage

· Further alignment of simulation parameters

· Provide correlation statistics of error events of two TBs

· The throughput results should be accompanied by the assumptions on the respective BLER targets of 2 CWs 
· Composite UL-CQI delay/periodicity impact: Measured in subframe n, apply in n+10

· Gaussian noise (in lognormal)  is added to the SINR upon which the link adaptation is based

· This noise is to model the uncertainty of UE power headroom, flashlight effect, channel estimation error

· Exact method to be further discussed, e.g. 2-3dB (lognormal) variation for flashlight effect

· Link adaptation should assume the highest MCS that still meets 10%  BLER target (outer loop)
· 25% BLER results can also be considered
To select between the two options, several factors need to be considered:

· Performance under relevant scenarios
· Signalling overhead
· Standardization impact (typically related to complexity)
This contribution attempts to address the above 3 factors with the hope that the down selection can be finalized in RAN1#60. 
2. Discussion
We discuss the above three factors in this section. 
2.1. Performance
Previous results with different simulation assumptions were given in past contributions (see, e.g. [2, 3]). To align the results among different companies, a set of simulation assumptions were later agreed in [1]. Overall, it is apparent that the agreed set of assumptions is friendly towards layer shifting (i.e. to set up a rather extreme link adaptation error model) for the following reasons:
· It is unclear where the log-normal SINR error of 3dB comes from. One may argue that the actual SINR error may be smaller and larger depending on the deployment scenario, eNB receiver type, and the possibility of interference coordination. Furthermore, while the burstiness of the inter-cell interference may be modelled as a random process, it is unclear if a fully random model is representative of what typically happens in practice. 

· A measurement delay of 10ms represents the worst-case scenario of 5ms sounding interval since the UE processing time of 4ms and eNB processing time of 1ms do not necessarily add up to the sounding periodicity. The eNB may use the most current SRS transmission which simply leads to a 5ms (4ms + 1ms) measurement delay. This is in fact an implementation issue.
· While target BLER of 10% (for the first transmission) is important for defining the DL-CQI, maintaining the 10% target for the DL transmission is not normative. For UL-CQI, maintaining a 10% BLER target (e.g. via an outer-loop link adaptation) may not be relevant at all. It could be argued that a more flexible link adaptation approach offers better throughput performance. Overall, this is also an eNB scheduler implementation issue.  
Consequently, while the agreed set of assumptions only represents a snapshot of different possible eNB implementation scenarios, it should not be treated as the normative set of assumptions for decision making. The decision making should involve other previously-shown results which may also represent other important scenarios.  However, the agreed set of assumptions could still be useful for calibration purposes. Based on the results shown in the previous meetings, the following observation can be drawn:
· Layer shifting (LS) + spatial HARQ bundling (SPB) tends to suffer from higher performance loss under the following cases:

· Higher geometry region 
· Significant antenna gain imbalance

· More advanced receiver such as MMSE-SIC
· Due to the SINR averaging effect, LS + SPB can offer some extra robustness against SINR error (e.g. due to higher UE speed, measurement delay, bursty inter-cell interference). This does not imply that LS + SPB performs better than no-LS + no-SPB when link adaptation is inaccurate since the performance is also determined by the other factors (e.g. mentioned in the first bullet point). It can be stipulated that such benefit is seen in smaller number of RB allocation. 
More simulation results are shown in Section 3 based on the agreed set of assumptions in [1]. 
2.2. Signalling Overhead
Some analysis on the signalling overhead was given in [2]. LS + SPB enables some saving in signalling overhead associated with DL control:
· UL grant: 1-2 bits for the second MCS-RV (using delta-MCS) + 1 bit for the NDI ( 2-3 bits 
· PHICH: 1 PHICH resource since one 1 PHICH is needed
Considering the payload size of UL grant, the overhead saving of 2-3 bits may not be a compelling reason. Th saving in PHICH is perhaps the only attractive advantage.  

It should be noted, however, that the above saving comes from the spatial HARQ bundling rather than layer shifting. That is, the same saving can be obtained from performing spatial bundling without layer shifting as already done in TDD. Adding layer shifting onto spatial bundling may potentially increase the correlation between the retransmission across two TBs if the interference affecting each of two TBs is uncorrelated to each other (which may help increasing the robustness of spatial bundling). 
At the same time, it is also possible not to perform spatial bundling on the UL grant parameters (MCS-RV and NDI) while still employing only 1 PHICH resource. The reason is as follows:

· New data transmission (or retransmission) is indicated with the NDI in the UL grant. Regardless of the number of PHICH resources, 2 NDI fields (one per CW) are present in this case. So the UE can still decode the NDIs and know whether each of the CWs is a retransmission or new transmission. 

· The main reason PHICH is used in addition to NDI in the UL grant is for semi-persistent transmissions without UL grants. However, only 1-CW transmission is currently supported for semi-persistent transmission. Hence, there is no reason to employ 2 PHICH resources in this case.

This possibility should be explored further. In this case, the main advantage of layer shifting diminishes.
2.3. Standardization Impact
The proponents of LS+SPB may argue that LS+SPB results in less standardization impact due to maintaining 1 PHICH in the UL. Again, this is simply an advantage of spatial HARQ bundling rather than layer shifting. However, the following facts are overlooked in such claim upon a closer examination of layer shifting:
· Standardizing LS by itself takes time as the exact scheme still needs to be finalized. Currently, there are several types of LS such as time-domain across OFDM symbols, time-domain across slots, frequency-domain, using interleaver pattern, etc.  
· Even after a scheme is chosen, different optimizations of the layer shifting scheme may still take place. Some examples include evening out the uneven shifting gain in several scenarios (TDD subframes, SRS transmission, extended CP), redefining interleaver patterns for UL SU-MIMO, etc. Note that although the concept of layer shifting is similar to layer permutation or large delay CDD, layer shifting by itself is a new scheme which may impact the RAN1 specifications in a whole new direction. 
That said, the anticipated standardization impact of layer shifting seems to be daunting. Of course, this can be justified as long as layer shifting offers significant performance gain.
3. Simulation Results
In this section, we present some simulation results based on the agreed simulation assumptions in [1] (albeit it being pessimistic towards no-LS). Detailed simulation parameters are given in the Appendix. The results are depicted in Figures 1 to 4. Despite the more pessimistic set of assumptions, the same trend (summarized in Section 2.1) is still observed. 
· LS+SPB and no-LS+no-SPB perform about the same with LMMSE receiver and/or without antenna gain imbalance.
· LS+SPB incurs significant performance loss in the presence of 6dB antenna gain imbalance and/or MMSE-SIC receiver especially in higher geometry region. 

4. Conclusion

Considering the existing simulation results (e.g. [2, 3]) as well as the new set of results based on the pessimistic set of assumptions, the performance advantage of layer shifting is still not apparent. In fact, significant performance loss is observed in the presence of antenna gain imbalance as well as cases when an advanced receiver is used. Weighing the performance factor with the potential saving in PHICH overhead as well as the standardization impact, it seems that no layer shifting + no spatial HARQ bundling (at least for the UL grant HARQ parameters) is overall preferred over layer shifting + spatial HARQ bundling for UL SU-MIMO. Furthermore, the possibility of employing only 1 PHICH resource seems promising. 
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Appendix: Simulation Assumptions 

Table 1. Simulation assumptions

	Parameter

	Explanation/Assumption

	Bandwidth, sampling frequency
	5 MHz, 7.68 MHz

	FFT size, number of occupied sub-carriers
	512, 300

	Number of SC-FDMA symbols per subframe
	12

	Antennas Configurations
	2x2 

	Codebooks
	As agreed in TR36.814

	Channel models and antenna configurations
	1) TU-6 delay profile 

2) Spatial correlation = 0.1 at TX and RX 

	Center frequency
	2GHz

	BLER target for 1st transmission
	10%

	MCS Set
	28-level MCS with QPSK, 16QAM, and 64QAM

	Allocated RBs
	4

	HARQ scheme
	Chase Combining, 1 HARQ process per CW 

	Max number of retransmissions
	3 (total of 4 transmissions)

	SINR error model
	3dB standard deviation error (log-normal)
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Figure 1.Throughput comparison: 2x2 LMMSE, AGI=0dB, 10ms processing delay
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Figure 2.Throughput comparison: 2x2 MMSE-SIC, AGI=0dB, 10ms processing delay

[image: image3.emf]5 10 15 20 25 30

0

1

2

3

4

5

6

Geometry (dB)

Throughput (Mbps)

2x2 4-RB:LMMSE,AGI=6dB,10ms delay

 

 

No SPB,No LS:V=3kmph

SPB,LS:V=3kmph

No SPB,No LS:V=30kmph

SPB,LS:V=30kmph


Figure 3.Throughput comparison: 2x2 LMMSE, AGI=6dB, 10ms processing delay
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Figure 4.Throughput comparison: 2x2 MMSE-SIC, AGI=6dB, 10ms processing delay
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