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1 Introduction

In the previous meeting, inter-subframe comb hopping was agreed to be studied further. In this paper we present an analysis of the comb hopping mechanism and discuss the potential benefits.   
2 Discussion

2.1 Comb Hopping Principle
UL DMRS resources are separated in the OCC, comb and cyclic shift domain. Different users will get a specific comb and/or OCC combinations. When operating over the same bandwidth, two overlapping users can be separated using OCC (or comb) while partially overlapping users will be separated only by different comb allocations. MIMO Layers are separated using the CS domain. 

As the comb size is only RPF2, a comb pattern will be a predefined sequence of odd and even subcarrier assignment for the UL DMRS.  When designing comb patterns, one can look at the way cyclic shifts are allocated for DMRS. Cyclic shift values are computed based on a cell specific parameter (
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).  The comb index is decided for a given UE by the MSB of the cyclic shift field in DCI. 

Hopping could be semi-static or dynamic. Dynamic hopping means that the UE is blind to the hopping pattern and is entirely driven by the nodeB which can decided of the DCI value controlling the comb index based on the observed UL channel quality. semi-static configuration of the hopping pattern means that both the NodeB and the UE are aware and expect comb hopping.  Comb hopping can then be seen as an advantage for the UE which gains additional knowledge for DCI decoding (hopping limits the dci codeword alternatives).  

2.2 Potential Benefits

2.2.1 Scheme benefiting from preconfigured comb hopping

The only schemes which could benefits from a preconfigured comb hopping are the ones where the comb configuration is not dynamic, i.e. where no DCI can control the comb allocation. Thus the only schemes of interest are semi-persistent scheduling and non-adaptive HARQ retransmission.

Observation 1: Configuration of a hopping pattern is not required unless non-adaptive HARQ or SPS is configured. 

Proposal 1: 
Consider inter-subframe comb hopping only for non adaptive HARQ or SPS.
2.2.2 Exploitable diversity 
The plots in  Figure 1 shows the CDF of the estimation error for a channel estimate of comb index 1 in subframe n+1 based on comb index 0 at subframe n.  The estimator assumes the channel to be flat over two subcarriers and in time, thus the estimate is equal to the measured channel in comb 1 at subframe n. The MSE error is a good representation of the amount of diversity between the combs. Higher error means high diversity and conversely low MSE means lack of diversity. The MSE was computed for the UMi and Uma standard channel models and for speed varying from 3 to 200kph.  As can be seen, the major contributor in diversity is the user speed (Doppler frequency shift).,A user with little movement, i.e. with only frequency diversity,  will see only a small amount of available diversity across combs and between subframe. This can be seen from the 90percentile MSE for the most dispersive channel (UMa) being equal to 0.1.
[image: image4.png]——UMa, 3kph Il
——UMa, 30 kph ;
~——UMa, 100 kph
——UMa, 200 kph
— ~UMi, 3kph
= =UMi, 30kph
= =UMi, 100kph
= =UMi, 200kph

102 107
MSE estimation error





Figure 1: MSE for a channel estimate of comb 2 at frame n+1 based on comb 1 at frame n. 
Observation 2: Comb hopping does not benefit from frequency diversity. 
2.2.3 Gains from interference randomization

Another potential source of gain is from interference randomization and load balancing between combs. The randomization of interference and load balancing can already be achieved via implementation for all cases except for SPS or non adaptive HARQ retransmission, when the UE does not receive PDCCH during the SPS period or HARQ retransmission.  
2.2.4 Semi Persistent scheduling

With semi-persistent scheduling (SPS) PDCCH transmits DCI once over the SPS duration. In that case there is no retransmission of PDCCH for each PDSCH in the SPS period. Thus a comb pattern known to the UE needs to be specify if comb hopping is selected. As mentioned in a previous contribution [1], there could be four options:

· Option 1: use the same comb value as the initial transmission with a DCI

· Option 2: use a different comb value from the initial transmission

· Option 3: use a comb value that alternates between two transmissions (toggle / hopping pattern)

· Option 4: use a fixed comb value, e.g. comb=0

Option 1 would be a straightforward solution. Option 2 would provide some randomization between the initial and the following SPS subframe, but it does not provide any further randomization after the first subframe.  Option 3 would provide the maximum randomization, but may suffer if eNB and UE are somehow out of sync.  Option 4 is also a straight forward solution, particularly for SPS, but, as option 1, does not provide any randomization.    In order to gain from interference randomization, it could be desirable to alternate between the comb used in the original transmission and the one used in the retransmission.  However simulations should support this hopping with gains. Otherwise, keeping the comb value fixed would suffice.
Observation 3:  Option 4 (i.e. using a fixed comb value, e.g. comb=0) seems to be a straightforward solution for SPS transmission.

Observation 4: Comb hopping may be beneficial to SPS transmission, which requires the UE to be aware of the Hopping pattern.
Observation 5: System simulations are required to evaluate the benefits of comb hopping for SPS.
Proposal 2: 
Introduce comb hopping patterns for SPS if performance gains are demonstrated.
2.2.5 Retransmission

As mentioned, a user in retransmission could potentially benefit from a comb hopping pattern. With HARQ retransmission, the nodeB can decide to switch a UL DMRS to the other comb index to utilize potential frequency diversity. DCI is transmitted with the CS field (containing the comb index), redundancy version and new data indicators, and PHICH carries the HARQ information. In that case (adaptive retransmission), the comb hopping support does not mean any standardization impact and should be left to implementation. There may be a gain with explicit configuration of the comb hopping into the UE in that the retransmission will not need the comb index but the saving of 1 bit in PDCCH has to be put against the added RRC parametering of the comb pattern.

Observation 6: No standardization effort is needed to support comb hopping for (adaptive) HARQ retransmission.

When no DCI is transmitted along with PHICH, HARQ is done with non-adaptive retransmission and follow a predefined pattern for the handling of the redundancy version and MCS. This case is similar to SPS.  In order to gain from interference randomization, it could be desirable to alternate between the comb used in the original transmission and the one used in the retransmission.  However simulations should support this hopping with gains. Otherwise, keeping the comb value as in the initial transmission would suffice.
Observation 7: For retransmission without DCI signalling of comb index, Option 1 (i.e. using the same comb value as the initial transmission with a DCI) seems to be a straightforward solution for retransmission.
Observation 8: Comb hopping may be beneficial to HARQ retransmission, which requires the UE to be aware of the Hopping pattern.
Observation 9: System simulations are required to evaluate the benefits of comb hopping for HARQ.
Proposal 3:
For non-adaptive HARQ retransmission, introduce comb hopping patterns if performance gains are demonstrated.
3 Conclusion

This paper presented a discussion on inter subframe comb hopping. Based on the discussion in section 0 the following observations and proposal were made 
Observation 1: Configuration of a hopping pattern is not required unless non-adaptive HARQ or SPS is configured.
Observation 2: Comb hopping does not benefit from frequency diversity.
Observation 3:  Option 4 (i.e. using a fixed comb value, e.g. comb=0) seems to be a straightforward solution for SPS transmission.
Observation 4: Comb hopping may be beneficial to SPS transmission, which requires the UE to be aware of the Hopping pattern.
Observation 5: System simulations are required to evaluate the benefits of comb hopping for SPS.
Observation 6: No standardization effort is needed to support comb hopping for (adaptive) HARQ retransmission.
Observation 7: For retransmission without DCI signalling of comb index, Option 1 (i.e. using the same comb value as the initial transmission with a DCI) seems to be a straightforward solution for retransmission.
Observation 8: Comb hopping may be beneficial to HARQ retransmission, which requires the UE to be aware of the Hopping pattern.
Observation 9: System simulations are required to evaluate the benefits of comb hopping for HARQ.


Proposal 1: 
Consider inter-subframe comb hopping only for non adaptive HARQ or SPS.
Proposal 2: 
Introduce comb hopping patterns for SPS if performance gains are demonstrated.
Proposal 3:
For non-adaptive HARQ retransmission, introduce comb hopping patterns if performance gains are demonstrated.
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