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1 Introduction

During RAN4#96-e, a WF was agreed for 2-step RACH in which a number of parameters were agreed. Two significant areas remained open for discussion; the DM-RS configuration for the msgA and the T0 definition. This paper discusses the open issues, whilst a companion paper collects simulation results.
2 DM-RS configuration
The msgA DM-RS configuration is still open between 1 additional DM-RS (1+1) and 2 additional DM-RS (1+1+1) for FR1.
As has been discussed at the previous meeting, the default configuration for the msgA DM-RS is 1+1+1. The alternative 1+1 DM-RS can be configured with additional signaling.

Observation 1: 1+1+1 is the default DM-RS configuration. 1+1 can be configured with additional signaling.

Assuming that the msgA data size is not dependent on the DM-RS configuration and is 72 bits, then the MCS is the same regardless of the DM-RS configuration. In both cases, the msgA data must be increased to the transport block size using padding bits. If DM-RS 1+1 is selected, then due to the additional symbol available for data compared to 1+1+1, the transport block is slightly larger, and a larger number of filler bits are transmitted. The required SNR is very similar in both cases.
Observation 2: If DM-RS 1+1 is configured, a larger number of padding bits are transmitted over the air. The number of resource elements and SNR is the same for both DM-RS configurations, so in terms of overhead there is no difference.

One of the arguments for adopting the 1+1 DM-RS pattern is that it is used for other demodulation requirements, and so defining the msgA requirement with 1+1+1 would necessitate a special receiver implementation that would be different to the other requirements.
Table 1 is taken from 38.211 and indicates the DM-RS positions. If the 1+1 pattern is configured then the DM-RS positions are (l0, 11). If 1+1+1 is configured then the positions are (l0+7+11). For the channel estimation part of the receiver, if the receiver is designed to assume (l0+11) as DM-RS positions and DM-RS is configured then an option available to the receiver is to simply ignore symbol 7 and base it’s channel estimation on the other two DM-RS symbols. 
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Observation 3: The receiver channel estimation can be based on symbols (l0, 11) and simply ignore the additional DM-RS in symbol 7. 

When considering observation 3, it is important to note that there is no difference in the number of symbols, resource elements or SNR between the two options, so ignoring symbol 7 has no cost.

Observation 4: Ignoring a DM-RS in symbol 7 has no cost in this scenario.

For the PUSCH, the difference between the two options will be that code-block bits are mapped to symbol 7 if 1+1 is adopted. Thus, the receiver de-mapping of code-block bits differs between the two options.
Observation 5: The de-mapping of code-block bits differs between the options; if 1+1 is adopted then the receiver de-maps bits from symbol 7 whereas if 1+1+1 is adopted then it does not.

Thus, the only differences between the configurations are as follows:

· Whether signaling to change from the default-configuration is assumed when deriving the demodulation requirement

· Whether the receiver needs to de-map bits from symbol 7 or not

In other Work Items, there has often been discussion about whether to define requirement for multiple DM-RS options, with and without precoding, different type mappings etc. In some cases, the impact is a significant amount more simulations. Companies have compromised in those cases. For this reason, we prefer in this case not to define both, but rather to seek compromise to a single DM-RS configuration, since there is basically no difference between the options.
3 Medium and high T0 values
The “medium” T0 values are based on scaling of a fraction of the CP, whereas the “large” CP values are based on a largest expected ISD.

For the PRACH preamble requirement, the T0 is lower than the “high” value suggested for the 2-step RACH and the requirement is considered sufficient for any kind of deployment, including deployments with larger cell sizes. The reason that the requirement is sufficient is that the PRACH detection algorithm does not differ depending on T0 and there is no reason to believe that the performance may change for larger T0.

Observation 6: For PRACH preamble, there is no reason to expect the demodulation performance to differ depending on T0.
For the 2-step RACH msgA, when T0 is less than the cyclic prefix then the difference between the performance with and without timing compensation is observed to be less than 2dB in [1]. After averaging between companies and addition of an implementation margin, this implies that even though the requirement is designed assuming timing compensation, it may be possible for receivers that do not do timing compensation to pass the requirement. On the other hand, for high T0, the difference between with and without timing compensation is larger.

Observation 7: For the msgA, the demodulation performance does differ depending on T0 medium or high.

Observation 8: For the msgA, a requirement set based on medium T0 may not demonstrate that timing compensation has been implemented.

Examining the high T0 values, it is noted that for the 15kHz and 60kHz SCS, the high T0 is within the cyclic prefix. For 120kHz, the high T0 is almost within the cyclic prefix. For 30kHz, the high T0 is significantly above the CP length. In general, 30kHz is associated with TDD and in the case of TDD, the assumption of a large cell may be excessive.

When T0 is greater than the CP, then a post-FFT re-sampling may be needed. Since for 30kHz the assumption of a large cell may be excessive and for 120kHz the T0 is almost the CP length, we take the view that it would be reasonable to adjust the “high” T0 values for 30kHz and 120kHz to be within the CP.
Observation 9: The high T0 can be adjusted to e.g. 2.3us for the 30k SCS and 0.55us for the 120kHz SCS so that a post-FFT re-sampling is not needed.

For medium T0, as long as the requirement is passed, a BS implementation that is able to not do timing compensation but still main performance to within the RAN4 requirement is acceptable. For high T0, the difference between timing compensation or not is larger and so it is essential to have timing compensation. Thus, in the case of msgA, meeting a requirement defined for medium T0 does not guarantee performance if the distance from gNB to UE leads to a larger T0 value than the requirement.

Observation 10: A BS that meets a msgA demodulation requirement defined for medium T0 does not guarantee demodulation performance where the gNB to UE distance corresponds to larger T0.
It is argued that the 2-step RACH is operated based on an RSRP threshold which can be set such that only UEs near to the centre of a large cell use the 2-step RACH for access, whereas UEs further away will not meet the RSRP threshold and will apply 4-step RACH.
Operating the RSRP threshold in this was is a reasonable scenario and indeed considered as part of 2-step RACH evaluation (although it may in practice be difficult to link RSRP to T0 in an exact manner). However, the specifications are not designed to disallow an implementation that sets the RSRP threshold low enough to enable 2-step RACH at larger distances from the BS than the distances corresponding to the medium T0.

Observation 11: The RSRP threshold may be set such that UEs with T0 larger than the medium still apply 2-step RACH.

There will of course be implementations for which the cell size is sufficiently small or the RSRP threshold set such that T0 is lower than the medium value. If the vendor of such an implementation can achieve the RAN4 requirement without timing compensation, there is no need for the RAN4 specification to force him to do so. On the other hand, since timing compensation is assumed for the requirement, the specification could be simplified if the requirement would be specified for high T0 only, with the 30k and 120k T0 values adjusted.
Observation 12: It would be acceptable to either (i) make meeting the high T0 requirement not mandatory, or (ii) to adjust the high T0 values as suggested in observation 9 and then only specify high T0 requirements.
In case support for high T0 is not mandatory, a simple manner to differentiate gNB designed to operate with medium T0 or up to high T0 is to declare together with 2-step RACH support the T0 support.

Observation 13: gNB that support medium T0 or high T0 can be differentiated between by means of a declaration of which kind of 2-step RACH is supported.

It is reasonable to expect that an implementation that meets requirements with the high T0 will also meet the medium T0 requirement, and it would not be necessary to test a high T0 implementation more than once. A test applicability rule could be defined, based on the declaration of whether high or medium T0 is supported so that only one test is applied.

Observation 14: A single test can be applied depending on the declaration of whether medium T0 2-step RACH or high T0 2-step RACH is supported.
4 Conclusion

Based on the discussions in this document, we make the following proposals:

Proposal 1: Adopt 1+1+1 DM-RS

Proposal 2: Change the high T0 values as indicated in observation 9.

Proposal 3:  Either (i) develop requirements for medium T0 and high T0 or (ii) develop requirements for high T0 only.
Proposal 4: If both medium and high T0 requirements developed, apply a declaration of whether medium T0 or high T0 2-step RACH is supported and a test applicability rule based on the declaration.
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