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1 Introduction
 [AT116-e][302][NBIOT R16] Random access on multiCarrier in NB-IoT (CMCC)

      Scope: Discuss issues in R2-2110240. Agreement of CRs in R2-2110241 and R2-2110762.

      Intended outcome: Phase 1: Poll for support and comments with report in R2-2111392. Phase 2: Agreed CRs (TBD)

      Deadline: Phase 1: Wed 3 Nov, 1200 UTC, Phase 2: TBD depending on comments.

      Status: started
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2 Discussion
Deployment scenario:

In contribution [1], Figure 1 shows a typical deployment scenario for multi-carrier NB-IoT in real network. In order to reduce intra-frequency interference on the anchor carrier, the neighbouring anchor carriers are deployed on different frequencies. And the downlink narrowband reference-signal EPRE (Energy Per Resource Element) of the non-anchor carriers is generally lower than EPRE of the intra-frequency anchor carrier, in order to reduce the intra-frequency interference to anchor carrier of neighbour cells. This results to the downlink coverage of non-anchor carriers smaller than anchor carrier. 
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Figure 1 The deployment of NB-IoT multi-carrier
Issue description:

There is the overlapping area that the CE levels is different between the anchor carrier and non-anchor carriers, and CE level of the non-anchor carriers is usually worse than the CE level of the anchor carrier. Take CE0 coverage area as an example shown as Figure 2.
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Figure 2 the coverage area of the anchor carrier and the non-anchor carriers

In the overlapping annular area, due to lower RSRP on non-anchor carrier, the actual CE level of the non-anchor carriers is worse than the CE level of the anchor carrier, which results to random access issue. 

But, according to the specification, the NPRACH CE level for the non-anchor carriers is determined by the RSRP on anchor carrier and RSRP threshold. For UEs in the overlapping annular area and performing RA to non-anchor carrier, due to repetition for NPDCCH in current CE level is not suitable for the UE, the UE suffered from longer RA time or even RACH failure.

Q1: Do you agree the following two issues may happen in scenario of different EPRE for anchor and non-anchor carriers, as shown in figure 1&2?
Issue 1: UEs may select the inappropriate nprach resource (such as number of nprach repetitions) and fail to access the cell on the non-anchor carriers if the UEs utilize the same NPRACH CE level of the anchor carrier in the overlapping annular area that the actual CE level determined by RSRP measurement of the non-anchor carrier is worse than the CE level of the anchor carrier. 

Issue 2: The UE may select the carrier with worse CE level by the legacy selection probability for anchor nprach resource when the CE levels are different between the anchor carrier and the non-anchor carriers. It may increase network traffic and more resource consumption, and affect UEs’ service experience.

	Company
	Yes/No
	Comment 

	Qualcomm
	No
	To compensate for the lower power used on the downlink non-anchor carrier, the NPDCCH repetitions (see npdcch-NumRepetitions-RA-r14 in SIB22-NB) can be configured with a higher value.
Only in the extreme case where anchor carrier is configured with a maximum repetitions of 2048 this issue may arise if downlink non-anchor carrier is also uses lower power but we don’t think this a very realistic situation.

	CMCC
	Yes
	Firstly, if the NPDCCH repetitions(npdcch-NumRepetitions-RA-r14) is configured with a higher value to compensate for the lower power used on the downlink non-anchor carrier, it may cause extra network resource consumption for the users close to the eNB which could access to the non-anchor carrier cell with the original lower NPDCCH repetitions value shown as figure2 yellow area. In simple terms, if the NPDCCH repetitions is double, the resource consumption is almost double. Service time delay and terminal power consumption of the users close to the eNB may be increased by configured with a higher NPDCCH repetitions value.
Secondly, the uplink interference of anchor carrier and non-anchor carrier may be different, which is caused by uplink service from neighbour cell and background noise. If the uplink interference of the non-anchor carrier is stronger than the anchor carrier, the nprach repetitions (see maxNumPreambleAttemptCE, numRepetitionsPerPreambleAttempt in NPRACH-Parameters-NB-r13) should be configured with a high value to make sure that the users can access to the non-anchor carrier cell. But there is also extra network resource consumption for the users which could access to the anchor carrier cell with original lower nprach repetitions value shown as figure2 blue area and the users which could access to the anchor carrier cell with original lower nprach repetitions value shown as figure2 yellow area. Service time delay and terminal power consumption of the users may be increased by configured with a higher nprach repetitions value. On the other hand, if RSRP threshold of the anchor carrier is shrunk, part of the users in the shrunk area will access to the anchor carrier with a higher CE level which could access to the anchor carrier cell with original CE level shown as figure2 blue area with ‘x’, and the part of the users will also cause additional resource consumption and service time delay. Otherwise, if introduce a new nprach repetitions for the non-anchor carrier and the nprach repetitions is configured with a higher value, it may lead to extra network resource consumption for the non-anchor carrier users close to the eNB shown as figure2 yellow area, which could access to the non-anchor carrier cell with original lower nprach repetitions value.
We see these 2 issues happen in the field and the current specification may lead to extra network resource consumption and increase service time delay and terminal power consumption.

	ZTE
	Yes for Issue 1
	Thank you CMCC for sharing the problems encountered in field deployment. We suggest to firstly identify the most critical problem that cannot be resolved by the implementation based on the existing specifications.

· If purely the coverage of non-anchor carriers is shrunk compared to the coverage of anchor carrier:

· We agree with Qualcomm that, for a UE in CE0 coverage area of the anchor carrier (we assume the UE is kind of close to the eNB), the UL performance would not be impacted, e.g., we can assume there is no Msg1 failure when the random access on a non-anchor carrier fails. Therefore, random access failure may be mainly because of Msg2 failure. For such case, we also agree with Qualcomm at least the specification has provided the possibility to increase a bit the DL repetition numbers of CEL0 for this non-anchor carrier. And then Msg2 failure can be addressed. 
· But yes, we think CMCC’s further comment is also valid. If DL repetitions of CEL0 for a non-anchor carrier is increased, for those UEs that are in the blue annular area and select this non-anchor carrier, this DL repetitions number would be necessary and suitable. But for those UEs that are in yellow circle area and also select this non-anchor carrier, such DL repetitions number may be redundant and cause waste of resources.
· If the UL performance of non-anchor carrier(s) is not good due to some other reasons, e.g., UL interference from the neighbouring cells:

· In this case, Msg1 failure may happen when UE selects this non-anchor carrier for random access. As specification doesn’t allow the independent configuration for the UL repetition numbers for each non-anchor, e.g., each CEL of a non-anchor carrier should have same UL repetition numbers as that for the corresponding CEL in anchor carrier, we cannot use the same solution as the one to address the Msg2 failure (as mentioned above).

· As mentioned by CMCC, one possible implementation way is to increase the UL repetitions number of anchor carrier. Such UL repetition number would apply to non-anchor carrier and may address the Msg1 failure for the UEs in the blue annular area and selecting a non-anchor carrier. But yes, for all the UEs in the yellow circle area and also the UEs in the blue annular area and selecting anchor carrier, such UL repetitions number may be redundant and cause waste of resources. Another possible implementation way is to use smaller RSRP threshold for CEL0, e.g., to shrink the coverage of anchor carrier to try to align with the UL/DL coverage of the non-anchor carriers. This way looks a bit better but still may not be able to avoid the unnecessary waste of resources for the UEs in the blue annular area and selecting the anchor carrier.

We are not crystal clear about Issue 2. Anyway the existing anchor carrier selection probability is adjustable, so we think network can make sure a suitable selection probability.

In a summary, per our understanding, the real problematic case may be that the non-anchor carriers’ UL situation deteriorate and worse than the UL of anchor carrier. It seems that there are some implementation ways to address the random access failures on these non-anchor carriers. But they cannot completely avoid unnecessary waste of resources (and also cause kind of access delay? as mentioned by CMCC).

	Huawei, HiSilicon
	
	We thank CMCC for sharing issues observed in the field.  

First, we agree with the issue description that, in some deployment, non anchor carriers have a lower NRSRP than the anchor carrier and resulting impact on resource usage.
For issue 1, we agree with the other companies that a lower NRSRP on the non-anchor carrier should not on its own affect the uplink transmission.  However, as indicated but CMCC, there may be other factors such as UL interference from the neighbouring cells that degrades the uplink performance.

For issue 2, we are not sure if this is related to the UL or DL non anchor carrier.  For the UL Carrier, the selection is controlled by the selection probability. For the DL carrier, it is configurable, and it is also possible to configure the anchor carrier in DL together with a non-anchor UL carrier.

	MediaTek
	Yes
	We thinks the issue 1&2 can happen if the parameters like npdcch-NumRepetitions-RA-r14 and NPRACH repetitions were not adjusted to compensate the weaker non-anchor carrier.


To address the issue 1&2, the following solutions are proposed, companies are invited to share views on which one would you prefer?
Q2: Which solution is preferred to address issue 1 & 2?

Solution 1a and 1b are provided to address issue 1:
Solution 1a：introduce a new RSRP Threshold list for each non-anchor carrier. The NPRACH CE level on the non-anchor carrier is determined based on comparison between NRSRP measurement results and the RSRP threshold of the non-anchor carrier.
Solution 1b: The CE level of the non-anchor carrier is estimated by UE with the NRSRP measurment results, the RSRP threshold of the anchor carrier, and the downlink narrowband reference-signal EPRE offset of the non-anchor carrier relative to the downlink narrowband reference-signal EPRE of the anchor carrier.

Solution 1c: Other solutions
Solution 2a and 2b are provided to address issue 2:
Solution 2a：Introduce a new selection probability for the anchor carrier NPRACH resource, which the UE should apply when the CE level of the non-anchor carriers is different from that of the anchor carrier in the IE SystemInformationBlockType22-NB.
Solution 2b: The UE appropriately raises the selction probability for the anchor carrier, if the CE level of the non-anchor carrier is worse than that of the anchor carrier. 

Solution 2c: Other solutions
	Company
	Which solution to address issue 1?
	Which solution to address issue 2?
	Comments

	Qualcomm
	See reply to Q1
	See reply to Q1
	While we recognise the scenerio described but we think the existing specification caters for such a scenerio.

	CMCC
	1a or 1b
	2a
	We kindly ask RAN2 to discuss on how to address the issues. We share candidate solutions in our contributions, one is to introduce the RSRP thresholds of the non-anchor carrier. The RSRP thresholds can be adjusted, if EPRE for anchor and non-anchor carriers is different, or the intra interference and uplink interference for anchor and non-anchor carriers is different. The users can choose appropriate NPRACH resources by the CE level determined by the non-carrier RSRP measurements and RSRP threshold when the users access to the non-anchor carrier. It will not lead to extra network resource consumption and affect users’ service experience which may be caused by only configured a higher npdcch or nprach repetitions for non-anchor carrier.
If the users access to the non-anchor carrier with a worse CE level, high probability for the better CE level carrier (anchor carrier) is important for more efficiently utilization of network resources and the principle is more probably to select the carrier with better CE level to save network resources when the CE level of the non-anchor carrier is worse than the CE level of the anchor carrier. If the legacy selection probability for the anchor carrier nprach resource is configured with a high value, the effect of network load balancing may not be realized. In addition, if the users select the worse CE level non-anchor carrier, the users should access to the non-anchor carrier with the mapping CE level nprach resource detemined by the non-anchor carrier to avoid failing to access to the non-anchor carrier or trying more times to access to the non-anchor carrier by utilizing the anchor carrier CE level.

	ZTE
	Open to discuss 1a or 1b
	none
	As mentioned in Q1, we feel all the imaginable implementation solutions are not perfect. So we are open to discuss the solutions proposed by CMCC and maybe some other ones. Some further thoughts on the solutions are as below:

· Solution1a may be able to allow that UE use a higher CEL only on the selected non-anchor carrier. However, it proposes RSRP threshold list for each non-anchor carrier. It seems the signalling overhead cannot be neglect. We can understand the motivation may be to use different threshold to adapt to different UL situation of different non-anchor carriers. But it may be not so easy to configure all of them suitably. So maybe a variant of Solution1a can also be considered, e.g., to just introduce a common RSRP threshold list for all the non-anchor carriers.

· We are not so clear about the specification impacts of solution1b, can it be totally left to UE implementation?

· Solution1c: we are also thinking, is it feasible to introduce UL repetition number configuration per CEL for each non-anchor carrier e.g., to allow to configure different UL repetition number for same CEL of anchor and non-anchor carriers? For example, such UL repetition number for CEL0 can be larger than that of CEL0 for anchor carrier and less than that of CEL1 for anchor carrier.

	Huawei, HiSilicon
	
	
	We think that the issues need to be investigated further and companies giving time to check and think about potential solutions.

We think we may also need to discuss UL and DL issues separately as the configuration of UL and DL is independent.

	MediaTek
	1c
	2c
	We agree that the compensation can consume more resources. However wet think the cost is not significant, as only the resources of Msg1 and Msg2 of random access needs to be increased, the rest of resources for msg3 and msg4 of RA, for all the other data transmission and reception are dynamically assigned by the network, which should not be wasted in this case. Therefor we think the benefit is not big enough to a change of a fairly fundamental mechanism. If the assumption that all the DL carriers should provide a very close coverage area was reverted because of this CR, at least the agreements of Rel-17 carrier selection based on the coverage needs to be revisited. 
Moreover, if any mechanisms are approved and no need to adjust to parameters for compensation, the legacy UEs without any change could still face the exact problems. Nothing can be done to mitigate the problems except to adjust to parameters. 

Additionally, with the new mechanism, the UEs in blue area with ‘x’ will only select the anchor carrier so there are no extra resources will be wasted. This can result in a congestion for anchor carrier, even by minimizing the probability of anchor carrier, because the UEs in blue area with ‘x’ may be large enough to congest the anchor carrier.

To avoid possible legacy UE’s problem and load balancing issue, the best way of resolving the issues are still adjusting the parameters to compensate. Plus it is too later to add a new feature to Rel-16 to optimize the resource usage as it has been closed.


3 Conclusions
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�In our understanding this impacts the coverage level of the downlink non-anchor carrier and it does to impact the uplink non-anchor carrier.





